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PBEFATOBY NOTE. 



WASBSMGffOm, D. C, 

To THE Rbabxbs of tbb "AjnvAX, or Scikstific Discotkbt:* 

Having been called to the snperriaon of a branch of the pobfie 
service, the duties of which are too engroenng and responsible to 
allow of any dhrersion of attentioii or employment, die mtder- 
signed is compelled to annoonoe his withdrawal (at least for tlie 
present) from the editorial charge and management of the *'Aii- 
nnal of Scientific Discovery." 

He has, however, the satisfaction of knowing that his with- 
drawal is not to affect the continned pablication of the work ; and 
that, under the goidance of the eminent scientific gentleman 
whose name appears on the title-page of the present rcdome, the 
sphere of nsefhlness of the '* Annnal of Scientific Discovery" la 
certain to be not only maintained, bot gready enlarged. 

With no little personal regret at being tfans compelled to give 
up a work which for more than fifteen yean has been followed as 
a labor of love, 

I am, most respectfnlly, 

DAVID A. WELLS, 
iii 171 8. Ccmwditicmer ofBeomue. 



NOTES BY THE EDITOR, 

OS THB. 

PBOGBESS OF 8CIENCB FOB THE TEARS 1665 AND 1866. 



Tbb years 1865 and 1866 haj^e been imcoiimKnilyprolifio in m^ 
entific discoveryy in almost every department of knowledge. Thia 
has been mainly due to the activity of Associations for promoting 
the progress of special branches of knowledge, which not only 
furnish important and varied contributions to science, but consti- 
tute impartial tribunals for ttm determination of the value of indi- 
vidual researches. Among these, the Royal Society and British 
Association in England, the Academy of Sciences of France, and 
the American Association (this year successfully revived after an 
interval c^flve years) and the National Academy in this country, 
stand prominent. 

Taking the departments of science in the <»der adopted in this 
work, the mechanic and useful arts first claim attention. The 
successful laying of the new Atlantic telegraph cable, and the 
picking up and utilizing the old cable, are the greatest engineer- 
ing achievements of the year 1866, and continue to excite the in- 
terest of the scientific world. The completion of the Chicago 
tunnel under Lake Michigan will doubtless inaugurate a new era 
in subterranean modes- of conmiunication ; and the success of the 
tlurd or centre-rail system over Mt. Genis will probably ere long 
do away with the tedious and expensive plans of boring through 
mountain chains both in Europe and this country. 

In marine and locomotive engineering the hnprovements are 
chiefly in the direction of economy of fuel by modifications of fur- 
naces and flues, and especially by the due supply of air for com- 
plete combustion. Surface condensation increases in the estima- 
tion of the best engineers, greatly increasing the economy of ma- 
rinfi^ engines. The use of superheated steam is yet in its infancy, 
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but it is to be h(^>ed that theoretioal feaors on this sabjeot win soon 
be dissipated by successfal experience. The use of petrolemn as 
a fuel for steam engines seems to be approaohing practical appli- 
cation. 

The sabstitntioQ of steel for iron in yarions parts of locomotiyeSy 
and for rails* has added greatly to the permanence of the m»- 
chinery* and diminished the wear and tear in a remarkable de- 
gree. The extensive use of steel in ship-building, eq>ecially 
since the Bessemer process has come into vogue, has contribated 
much to the strength and siilisty of sea-going vessels, with dimin- 
ished weight, and seems likely to restrict the conq)osite system 
of wood and iron constroction to those navigating smooth waters. 

The battle of the guns versus armor-plates is stiU waged with 
great vigor, and the victory just now appears to be <m the side of 
the steel projectiles and chilled shot of M%j. Palliser and others; 
but this will only give rise to improved machinery, a better selec- 
tion of material, and better processes of manufacture on. the part 
of the aimor-plate makers. 

The new gunpowder of Capt. Schultse, made from wood, by a 
process similar to that of making gun-cottcm, bids fair to rival the 
old explosive for certain purposes. Nitroglycerine and gun-paper 
have also been successfully introduced, the former for blasting, 
and the latter for small arms. 

In respect to light, heat, chemical affinity, electricity, and mag- 
netism, universal attributes of matter in aU its forms, it may be 
considered as proved that aU these forces are so invariably con- 
nected inter ae and with motion, as to be regarded as modifications 
of each other, and as resolving themselves objectively into mo- 
tion, and subjectively into that something whiioh produces or 
resists motion, and which we call force. 

Recent researches go to show that magnetism is cosihical, and 
not merely terrestrial. One of the startling suggestions made by 
Mayer, as a consequence resulting from the dynamical theory of 
heat, is that, by the loss of the vis viva occasioned by friction of 
the tidal waves, as well as by their forming a drag upon the 
earth^s rotary movement, the velocity of the earth^s rotation must 
be gradually diminishing, and that thus, unless some undiscovered 
compensatory action exist, this rotation must ultimately cease, and 
changes hardly calculable take place in the solar system. M. De- 
launay and Mr. Airy consider that part of the acceleration of the 
moon^s mean motion, not at present acoount^d lo^ \s^ ^^^as^Naac^ 
1* 
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distorbanoes, is due to the gradaal retardatioii of the earth^s 
rotadon. 

According to Mr. Grore, in his Inangnral Address to the Bndsh 
Association for 1866, from which we quote largely, there are sonie 
objections, though not insuperable, against the theory of Mayer, 
that the heat of the sun is caused by friction or percussion of me- 
teorites falling upon it ; but these cosmical bodies have not been 
ascertained to impinge upon the sun in a definite direction from 
their gradually lessening orbits. And M. Faye» who has recently 
investigated the proper motions of the sun-spots, has pointed out 
many objections to this theory, and attributes them to some g^en- 
eral action arising from the internal mass of the sun. 

Assuming the undulatory theory to be true, and that light 
must lose sometiiing as light, in its progress from distant Ituninoos 
bodies, it becomes an interesting question what becomes of the 
enormous force of light lost, and heat radiated into space, whidi 
do not i^parently return in the same forms. Force cannot be an- 
nihilated; its modes of action in this case are only changed. 
This is one of the most interesting problems of celestial dynamics^ 
which we wait for some Newton to solve. 

The doctrine of the correlation of forces is steadily gaining 
ground. Many points of great practical importance are connected 
with this subject, as whetiier we can produce heat by the expen- 
diture of other forces than those locked up in our coal-beds and 
forests ; whether we can absorb and store up for future use, by 
chemical or mechanical means, the rays of the sun now wasted 
for human purposes in the desert and the tropics. 

The researches of Prof. Tyndall on radiant heat, and the dis- 
coveries of Graham on the increased potential energy of atmos- 
pheric air when passed through films of caoutehouc, it becoming 
richer in oxygen by losing half its nitrogen, are interesting as 
indications of means for storing up force. The magneto-electrio 
machine of Mr. Wilde, and the electrical machine of Mr. Holz, 
show how mechanical may be advantageously converted into 
electrical force. The greatest practical conversion of force is ex- 
emplified in the fact that the chemical action of a little salt water 
upon a few pieces of zinc, as shown in the Atlantic cable, has 
bound the two hemispheres together by electrical action. 

The remarkable results of spectrum analysis, from the labors of 
Kirchhoff, fiunsen, Huggins, and Miller, have thrown a flood of 
light upon the structure of the heavenly bodies. These conclo- 
aoDs win he found under the head of " Celes^dal CUemi&trj.^ 
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The old theories of geological conmlsioiM and cataclygms bf 
which the inequalities of the earth's surface and the many breaks 
in the geological record were explained, are now supplanted by 
the modem view of Lyell and others, which refers the changes in 
tiie past to causes simUar to those now in operation. With this, 
since the researches of Darwin, has become connected the ques- 
tion, whether, in a geological formation unmistakaMy continii- 
ons, the different diaracters of the fossils repres^t absolutely 
permanent varieties, or may be explained by gradual modifying ' 
changes. It is quite possible that many modifications of size and 
form, regarded as permanent, and on which specific difTerences 
have been assumed, may be due to changes in the conditions of 
existence. The opponents of Darwin's theory hare a strong 
point in the fact that, with the present knowledge of fossil forms, the 
physical breaks in the strata make it impossible to fairly trace the 
order of succession of organisms ; but, notwithstanding the imper- 
fection of the geological record, the belief widely prevails among 
geologists that the succession of spedes bears & definite relation 
to the succession of strata. 

Since Sir John Herschel, more than thirty years ago, proposed 
to explain the climatal perturbations on the earth's surface, with 
the attendant geolo^cal phenomena, by changes in the eccen- 
tricity of the earth's orbit, cosmical studies have been more inti^ 
xnately associated with geology. Mr. CroU lias recently shown 
reason to believe that the climate in the frigid and temperate 
zones of the earth would depend on whether the winter of & given 
region occurred when the earth at its period of greatest eccen- 
tricity was in aphelion or perihelion — if the former, the annual 
average of temperatare would be lower, — if the latter, it would 
be higher than when the eccentricity of the earth's orbit was less, 
or approached more nearly to a circle — he calculates the differ- 
ence in the amount of heat, in these two positions, as nineteen to 
twen<7-6ix. He thus explains the glacial, carboniferous or hot, 
and the normal or temperate periods, which we observe in geo- 
logical records; he estimates that it is certainly not less, and 
probably much more, than one hundred thousand years since the 
last glacial epoch. 

The progress of physiology during the last two years has been 
great, principally owing to microscopical and chemical investiga- 
tions. The discovery of development by cells, evincing a simple, 
uniform law, underlying and working out thib ^csr^ ^c&^x%\&Vsciuik 
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and Bl ruc Uir es of yegeteUe and animal life, marked a new era in 
physiological science. Says Prof. Huxley, '' Sorely the knowl- 
edge that the tough oak plank, the blade of grass, the lion^s cIaw, 
the contracting musde, and the thinking brain, all emanate from 
simple forms which, so for as we can tell, are perfectly alike, — 
and further, that the enture plant or animal also emanates from a 
■ingle form or cell which is undistinguishable firom the mdimenti 
of its several parts, is as full of interest, and as suggestiYe of high 
'thought as any one of the fragments of knowledge which man 
has worked out for himself in the whole range of physical science ; 
and what better exercise can there be than teaching the operation 
of the great law of uniformity P ^ 

Organic chemistry has accumulated a vast array of facts which 
its professors are bringing to bear upon some of the most impor- 
tant questions in physiology, and their habits of investigation and 
knowledge of the nature of the forces acting within the body have 
made them umpires in many of the sanitary and even medical 
questions of the day. Such is the rapid advance of the chemical 
knowledge of common things, that physicians must be chemists to 
that degree as to be able to answer questions arising regarding 
the air, water, food, drink, and medicine which, by means of 
forces that exist in them, act upon the forces within the human 
body, and give rise to the phenomena of health and disease. 
From the researches of Traube, Playfair, E. Smith, Fick and 
Wislicenus, Frankland, and others, we know that the amount of 
labor which a man has undergone in twenty-four hours may be 
approximately arrived at by an examination of the chemical 
changes whidi have taken place in his body ; '* changed forms in 
matter indicating the anterior exercise of dynamical force." All 
will admit that muscular action is produced at the expense of 
chemical changes, but until recently it was generally believed 
that muscular power is derived from the oxidation of albuminous 
or nitrogenous substances ; but more recent researches, detailed 
in the text, show that the latter is only an accompaniment and 
not the cause of the former, and that muscular force is supplied 
by the oxidation of carbon and hydrogen compounds. Messrs. 
Fick and Wislicenus, from their experiments in ascending the 
Faulhom, state that '* so for from the oxidation of albuminous 
substances being the only source of muscular power, the sub- 
stances by the burning of which force is generated in the muscles 
he albuminous constituents of those tissues, but non- 



ON THB neocnnss ov aoiskcb* k 

nltrogfenocn substances, eitlier fiits or Ikydrstes of eartKNi, snd thflft 
the burning of albnmen is not in any wsy concerned in the pro- 
duction of muscular power J* 

The theory o( Darwin, tiiat species are not rigidly limited, and 
have not been created at various times complete and unchange- 
able, but have been gradually and indefinitely varied, from exter- 
nal circumstances, from natural efforts to accommodate them- 
selves to surrounding changes, and from the necessity of yielding 
to force in the struggle for existence, has continually gained 
ground, and now numbers among its advocates many of the first 
natmraUsts of Europe and this country. The opponents of this 
theory have their strong points in accommodating definitions of a 
species, the phenomena of hybridity, and the non-occurrence of 
tiiese changes before our eyes. If species were created as we 
now see them, the imore we subdivide them by extended obser- 
vation the more we increase the number of the supposed crea- 
tions ; and yet we have no well authenticated instance of a new 
creation, and in no other operations of nature such a want of con- 
tinuity, such a perpetually recurring creative miracle. The ten- 
dency seems to be to the belief that there are no such natural 
.divisions as species, genera, fiunilies, etc., butthat they are merely 
convenient terms for subdivisions, having a permanence which 
may outlive many generations of man, and yet which are not ab- 
solutely fixed. Such is the length of geological periods now 
admitted, that the phenomena of hybridity may be legitimately 
explained on tiic theory of the continuity of succession ; the infe- 
cundity may just as well be due to physical differences arising 
from long-continued variation, as to an original organic constitu- 
tion; indeed, the acknowledged degrees of hybridity are ^ best 
explained on Darwin^s theory. Darwin insists upon time for the 
changes by natural selection ; and no one will pretend, at the pres- 
ent day, to date back the earth^s history only a few thousand years. 
Grcology teaches that hundreds of thousands of years do not limit 
the period of tiie earth^s existence as an abode for living organ- 
isms. In the early days of geological science, the numerous gaps 
in the record of fossil forms would have been a strong argument 
against the theory of Darwin ; certain species seemed to become 
extinct and new ones to appear without connecting links ; but, as 
page after page of this geological record has been discovered, the 
gaps become less numerous and less abrupt, and the intermediate 
forms are gradually being added to form ^e eo\i>Qai\vQ»& ^tfsnna. 
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The more the gaps between species are filled up by the discovery 
of intermediate varieties, the stronger becomes the argument for 
transmutation, and the weaker that for successive creations ; be- 
cause the former view then becomes more and more consistent 
with experience, and the latter more and more inconsistent with 
it. The investigations of Mr. Bates on the butterflies of the Am- 
azon region, of Mr. Wallace on those of the Malay Archipelago, 
of Mr. fi. D. Walsh on the effect of food in insects, — Sir John 
Lubbock^s diving hymenopterous insect ; the discovery of Eozoon 
at a period inconceivably antecedent to the pre-supposed intro- 
duction of life upon the globe ; the published opinions of De Gan- 
dolle and Hooker, in botany ; the phases of resemblance^to infe- 
lior orders which the embryo goes through in its development; 
the metamorphosis of plants, and the occurrence of rudimentary 
and useless organs, — all supply strong evidence in favor of the 
derivative hypothesis. The present more quiet and uniform rate 
of pliysical changes would involve a greater degree of fixity in 
living forms than in the earlier periods of rapid transition. It 
must also be remembered that only a very small portion of the 
extinct forms have been preserved as fossils; were the series 
complete, the question would be solved, and, in the opinion of 
niany good judges, most likely in favor of the derivative hypoth- 
esis. The opponents of continuity lay all stress upon the lost links 
of the palsBontological chain, and none upon the few existing and 
altogedier exceptional ones; and the worst of it is, that the 
chance of filling up the missing links, froiln the operation of de- 
structive causes, is very small. ^ 

The controversy of MM. Pasteur and Fouchet on spontaneous 
generation had ended in the general belief that the latter was in 
error, but more recent experiments of Mr. Child again opened the 
question ; the weight of opinion, however, continues to be against 
the theory of spontaneous generation, or, if heterogeny obtains 
at all, that it is confined to the most simple structures, such as 
vibrios and bacteria, the more highly-developed and progressive 
forms being generated by reproduction. 

Meteorites are now acknowledged to be cosmical bodies mov- 
ing in the interplanetary spaces by gravitation around the sun, 
and some perhaps around the planets, showing that the universe 
has not the empty spaces formerly attiibuted to it, but is studded 
with smaller planets between the larger and more visible masses. 
Sich as have fallen upon the earth give on analysis metals and 



OH THB ntOGSESS Of SdKHCB. ZI 

oxides siinila^to liiose which belong.to oar own planet. M. Dan- 
br6e, before the French Academy, has giren the chemical and 
mineralogical characters of meteorites, smd finds that their sim- 
ilarity to terrestrial rocks increases as we penetrate into the crost 
of the earth* and that some of our deep-seated minerals, as ofirine, 
serpentine, ete., are ahnosfc identical with meteoric oonstitaenls. 
When we consider that the exterior of the earth is oxidated to a 
considerable extent, there is no caose for wonder that its deox- 
idated interior should possess a higher specific gravity than the 
crust. 

The asteroids and planets now nmnber ninety-two, and proba- 
bly the next half centory wHl demonstrate that the now seeming- 
ly vacant interplanetary spaces are occnpied by many others of 
tiiese bodies. 

Oar own satellite has been the snbject of rigid scmtiny, yet the 
qnestion whether the moon possesses amy atmosphere cannot be 
regarded as solved; if there be any, it most be exceedingly 
small in quantity and highly attenuated. It is believed that there 
is not oxygen enough in the moon to oxidate the metals of which 
it is composed, and that the surface which we see is metallic, or 
nearly so. M. Chacomac^s recent observations lead him to the 
belief that many of the lunar craters were the result of a single 
explosion, which raised the surface as a bubble, and deposited the 
d^fri8 around the orifice of eruption. The lunar eruptions evi- 
dently did not take place at one period only, as in many parts one 
crater is seen encroaching on. and displacing others. 

It is to be hoped that the achromatic telescope will ere long be 
freed from its old and great defect, ** the inaccuracy of definition, 
arising from what was termed the irrationality of the spectrum, or 
the incommensurate divisions of the spectra, formed by fiint and 
crown glass.^ 

The improvements of Mr. Alvan Clark, of Cambridge, Mass., 
in the construction and local correction of lenses for the telescope, 
for which the Bumford Medal has recently been awarded by the 
American Academy, mark a new era in astronomical observation* . 

Becent discoveries in palseontology prove that man existed on 
this earth at a period far anterior to that commonly assigned to 
him. The chipped flints of the earliest races show that their con- 
dition was not that of civilization ; to these rude implements suc- 
ceeded more carefully shaped and polished stone weapons, then 
bronze was used, and, the last, before the histotv^ ^\^sA^^s5^^ 
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GiTilization, even to the extent of that of the Egyptians and the 
Central Americans, most have been of very slow growth ; as in- 
vention is said to march with a geometrical progression, the earli- 
est steps most have been exceedingly slow. 

Time is the great element, both in the development of vegeta- 
ble and animal life* and also in the progress of man from 
barbarism to civilization ; and this must be a primaiy idea in &e 
consideration of the theoiy of Darwin. In this relation we will 
conclude by quoting from the Inaugural Address of Mr. Grove, 
before alluded to. '* The prejudices of education, and associa- 
tions with the past, are against this (Darwin^s theory of the origin 
of species by natural selection, eto.), as against all new vievrs; 
and while, on the one hand, a theory is not to be accepted be- 
cause it is new and primd facie plausible, still, to this assembly, I 
need not say that its running counter to existing opinions is not 
necessarily a reason for its rejection ; the onus probcmdi should 
rest on those who advance a new view, but the degree of proof 
must differ with the nature of the subject. The fair question is. 
Does the newly-proposed view remove more difficulties, require 
fewer assumptions, and present more consistency with observed 
facts, than that which it seeks to supersede P If so, the philoso- 
pher will adopt it, and the world will follow the philosopher — > 
after many days.*' He is strongly in favor of the new theory, dis- 
believing in per saltum or sudden creations, and maintains that 
continuity is a law of nature, the true expression of the action of 
Almighty Power, and that we should cease to look for special in- 
terventions of the creative act — " we should endeavor &om the 
relics to evoke their history, and, when we find a gap, not try to 
bridge it over by a miracle.'* 



The readers of the "Annual of Scientific Discovery" will be 
gratified to possess the fine Portrait of Hon. David A. Wells, 
U. S. Commissioner of Revenue, and late editor of this work, 
presented in tlie present volume. 
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ANNUAL OF SCIENTIFIC DISCOVERY. 



MECHANICS AND USEFUL ARTS. 



ATLANTIC TELEGEAPH. 



The greatest achievement, in a scientific point of view, which 
has occurred during the present year, is the successful laying of 
the Atlantic Telegraph Cfable, from Valentia, on the coast of Ire- 
land, 2,000 miles across the bed of the Atlantic Ocean, to Heart's 
Content, Newfoundland, electrically uniting Europe and America. 
This is not only a marked epoch in the progress of science, and a 
triumph over physical obstacles deemed insurmountable, but it is 
an event of great international interest, and an inestimable com- 
mercial boon — reflecting honor alike upon the skill of the me- 
chanic, the science of the physicist, 'the intelligence of the sea- 
man, and the liberality of the merchant. 

Foremost among the names of those who liave contributed to 
this successful result, is our countryman, Cyrus W. Field, who 
for nearly thirteen years has labored, through good and evil re- 
port, with indomitable energy, not resting till his cherished idea 
had become a reality. 

From his remarks on various occasions, and from scientific 
journals of England and this country, the following account of 
me Atlantic Telegraph is condensed by the Editor. 

Mr. Field, at a banquet given in his honor at New York, Nov. 
15, 1866, gave a brief history of this great undertaking, reported 
in the " New York Times " of Nov. 16th, from which the fol- 
lowing are extracts. Says Mr. Field : — 

*• It is nearly thirteen years since half a dozen gentlemen of 
this city met at my house for four successive evenings, andaround 
a table covered with maps and charts, and plans and estimates, 
considered a project to extend a line of telegraph €vo\sl "^qn^ 
Scotia to St. Johm, in Newfoondland, thence to \>^ c»xns^^^jS!5)»^ 
2 1^ 
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the ocean. It was easy to draw a line from one point to the 
other — makinj^ no account of the forests and mountains and 
swamps and nvers and gulfs, that livy in our way. Not one of 
us had ever seen the country, or had any idea of the obstacles 
to be overcome. We thought we could build the line in a few 
months. It took two years and a half. The arduous and costly 
work was accomplished. A road was cut through 400 mOes A 
wilderness, and after two attempts in 1855 and 1856, a cable, pro- 
cured in England, was laid across the Gulf of St. Lawrence. 
Yet wo never asked for help outside our own litUe circle. In- 
deed, I fear we should not have got it if we had — for few had 
any fait^ in our scheme. Every dollar came out of our own 
pockets. Yet I am proud to say no man drew back. No man 
proved a deserter ; those who came first into the work have stood 
oy it to the end. Of those six men, four are here to-night^ Mr. 
Peter Cooper, Moses Taylor, Marshall O. Roberts, and myself. 
My brother Dudley is in Europe, and Mr. Chandler White died 
in 1856, and his place was supplied by Mr. Wilson G. Hunt, who 
is also here. Mr. Robert W. Lowber was our Secretary. To 
these gentlemen, as my first associates, it is but just that I should 
pay my first acknowledgments. 

''From this statement you perceive that in the beginning tiiis 
was wholly an American enterpiise. It was begun, and for two 
Tears and a half was carried on, solely by American capital. Our 
brethren across the sea did not even know what we were doin^ 
away in the forests of Newfoundland. Our little company r^sea 
and expended over a million and a quarter of dollars before an 
Englishman paid a single pound sterling. Our only support out- 
side was in the liberal character and steady friendship of the €k>Y- 
emment of Newfoundland, for which we were greatly indebted 
to Mr. E. M. Archibald, then Attomey-GrcnenJ of that colony, 
and now British Consul in New York. And in preparing for an 
ocean cable, the first soundings across the Atlantic were made by 
American officers in American ships. Our scientific men had 
taken great interest in the subject.' The U. S. ship ' Dolphin,^ dis- 
covered the telegraphic plateau as early as 1853 ; and the U. S. 
ship * Arctic ^ sounded across from Newfoundland to Ireland4n 1856, 
a year before H. M.^s ship ' Cyclops,^ under command of Captain 
Dayman, went over the same course. This I state, not to take 
aught from the just praise of England, but simply to vindicate the 
truth of history. 

'* It was not till 1856 — ten years ago — that the enterprise had 
any existence in England. In that summer I went to London, 
and there, with Mr. John W. Brett, Mr. Charles BHght, and Dr. 
Wliitehouse, organized the Atlantic Telegraph Company. Sci- 
ence had begun to contemplate the necessity of such an enter- 
prise; and the great Fai'aday cheered us with his loftv enthu- 
siasm. Then for the first time was enlisted the support of English 
capitalists ; and then the British Government began that generous 
courae which it has continued ever since — offering us ships to 
'^mplete soundings across the Atlantic, and to assist in laying the 

l)le, and an annual subsidy for the transmission of messages^ 
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The expedition of 1857, and the two expeditions of 1S58, were 
joint enterprises, in which the ' Niagara * and ' Susquehanna Uook 
part with the ' A^memnon,^ the ' Leopard/ the ' Gorgon,* and the 
* Valorous * ; and the ofScers of botii navies worked with generous 
rivalry for the same great object. Hie capital of the Atlantic 
Telegraph Company (£350,000^ — except one-quarter, whidh was 
taken by myself — was subscribed wholly in Great Britain . The 
dir^!tors were almost all English bankers and merchants, tiiongfa 
among them was one gentleman whom we are proud to call an 
American — Mr. Grcorge Peabody — a name honored in two conn- 
tries, since he has showered his princely benefactions upon both. 

** With the history of the expedition of 1857-8 you are familiar. 
On the third trial we gained a brief success. The cable was laid, 
and for four weeks it worked, — though never very brilliantly, — 
never giving forth such rapid and distinct flashes as the cables of 
to-day. 

*' It spoke, though only in broken sentences. But while it lasted 
no less than 400 messages were sent across the Atiantic. Ton all 
remember the enthusiasm which it excited. It was a new thing 
under tiie sun, and for a few weeks the public went-wild over it. 
Of course, when it stopped, the reaction was very great. People 
grew dumb and suspicious. Some thought it was fJl a hoax ; and 
many were quite sure that it never woiked at all. That kind of 
odium we have had to endure for eight years, till now, I trust, we 
have at last silenced the unbelievers. 

" After the failure of 1858 came our darkest days. When a thing 
Is dead, it is hard to galvanize it into life. It is more difficult to 
revive an old enterprise than to start a new one. The freshness 
and novelty are gone, and the feeling of disappointment discour- 
ages further effort. 

• * Other causes delayed a new attempt. This country had become 
involved in a tremendous war ; and while the nation was strug- 
giing for life, it had no time to spend in foreign enterprises. 

•* But in England the project was still kept alive. The Atlantic 
Telegraph Company kept up its organization. It had a noble 
body of directors, who had faith in the enterprise, and looked be- 
yond its present low estate to ultimate success. I cannot name 
them all, but I must speak of our Chairman, -r- the Right Hon. 
James Stuart Wortiey, — a gentieman who did not join us in the 
hour of victory, but in what seemed the hour of despair, after tlie 
failure of 1858, and who has been a steady support through all 
these years. 

•• All this time the science of submarine telegraphy was making 
progress. The British Goveniment appointed a commission to 
investigate the whole subject. It was composed of eminent scien- 
tific men and practical en^neers — Galton, Wheatstone, Fair- 
baim. Bidder, Varley, and Latimer, and Edwin Clark — with the 
Secretaiy of the Company, Mr. Saward — names to be held in 
honor in connection ^vith this cnteiprise, along with those of other 
English en^neers, such as Stephenson, and Brunei, and Whit- 
worth, and renn, and Lloyd, and Joshua Field, who ^ave tima 
and thought and labor freely to tius ent^in^Tiae^Telxsfisav^i^^^'G^ 
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pensation. This commission sat for nearly twoyears, and spent 
many thousands of pounds in experiments, llie result was a 
clear conviction in every mind that it was possible to lay a tele- 
graph across the Atlantic. Science was also being all the while 
applied to practice. Submanne cables were laid in different seas 
— m the Mediterranean, in the Red Sea, and in the Persian Gult 
** When the scientific and engineering problems were solved, 
we took heart again, and began to prepare for a fresh attempt 
This was in 1863. In this country — though the war was still rag- 
ing — I went from city to city, holding meetings and trying to 
raise capital, but with poor success. Men came and listened, and 
said • it was all very fine,' and * hoped I would succeed,' but did 
nothing. In one or the cities they gave me a large meeting, and 
passed some beautiful resolutions, and appointed a committee of 
' solid men ' to canvass the city, but I did not get a solitary sub- 
scriber! In this city I did better, though money came by the 
hardest. By personal solicitations, encouraged by ^ood friends, I 
succeeded in raising £70,000. Since not many had faith, I must pre- 
sent one example to the contrary, though it was not till a year l^r. 
When almost all deemed it a hopeless scheme, one gentleman 
came to me and purchased stock of the Atlantic Telegraph Com- 
pany to the amount of $100,000. That was Mr. LoringAndrews, 
who is here this evening to see his faith rewarded. But at the 
time I speak of, it was plain that our main hope must be in Eng- 
land, and I went to London. There, too, it dragged heavily. 
There was a profound discouragement. Many had lost before, 
and were not willing to throw more money into the sea. We 
needed £600,000, and with our utmost efforts we had raised less 
than half, and there the enterprise stood in a dead lock. It was 
plain that we must have help from some new quarter. I looked 
around to find a man who had broad shoulders, and could carry a 
heavy load, and who would be a giant in the cause. It was at 
this time I was introduced to a gentleman, whom I would hold 
up to the American public as a specimen of a great-hearted Eng- 
lishman, Mr. Thomas Brassey. I went to see him, though wim 
fear and trembling. He received me kindly, but put me Sirough 
such an examination as I never had before. I thought I was 
in the witness-box. He asked every possible question, but my 
answers satisfied him, and he ended by saying it was an enterprise 
which ought to be carried out, and that he would be one of ten 
men to furnish the money to do it. This was a pledge of £60,000 
sterling! Encouraged by this noble offer, I looked around to 
find another such man, though it was almost like trying to find 
two Wellingtons. But he was found in Mr. John Pender, of 
Manchester. I went to his office one day in London, and we 
walked together to the House of Commons, and before we got 
there he said he would take an equal share with Mr. Brassey. 

** The action of these two gentlemen was a turning-point in the 
history of our enterprise ; for it led shortly after to a union of the 
well-known firm ol Glass, Elliot & Co. with the Gutta Percha 
Company, making of the two one grand concern known as ' The 
Telegraph Construction and Maintenance Company/ which in- 
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daded not only Mr. Brassey and Mr. Pender, bat other men of 
ffreat wealth, sach as Mr. George Elliot, and Mr. Barclay of Lon- 
don, and Mr. Henry Bewley of Dublin, and whicli, thus rein- 
forced with immense capital, took up the whole enterprise in its 
strong arms. We needed, I have said, £600,000, and with all 
our efforts in England and America we raised only £285,000. 
This new company now came forward, and offered to take the 
whole remaining £315,000, besides £100,000 of the bonds, and to 
make its own profits contingent on success. Mr. Richard A. 
Glass was made Managing Director, and gave energy and Yigar 
to all its departments, being admirably seconded by the Secretaiyy 
Mr. Shuter. 

** A few days after half a dozen gentlemen joined together and 
bought the ' Great Eastern,* to lay the cable ; and at the head of 
this company was placed Mr. Daniel Grooch, a member of Parlia- 
ment, and Chairman of the Great Western Railway, who was with 
us in both the expeditions which followed. 

«< The good fortune which favored us in our ship favored us also 
in our commander. Many of you know Capt. Anderson, who was 
for years in the Cunard Ime. How well he did his part in two 
expeditions the result has proved. 

'* Thus organized, the work of making a new Atlantic cable was 
begun. The core was prepared with infinite care, under the able 
superintendence of Mr. Chatterton and Mr. Willoughby Smith, 
and the whole was completed in about eight months. As fast as 
ready, it was taken on board the 'Great Eastern* and coiled in 
three enormous tanks, and on the 15th of July, 1865, the ship 
started on her memorable voyage. 

** I will not stop to tell the story of that expedition. For a week 
all went well ; we had paid out 1,200 miles of cable, and had 
only 600 miles further to go, when, hauling in the cable to remedy 
a fault, it parted and went to the bottom. That day I can n^ver 
forget — how men paced the deck in despair, looking out on the 
broad sea that had swallowed up their hopes ; and then how the 
brave Canning for nine days and nights dragged the bottom of 
tlie ocean for our lost treasure, and,uougfa he grappled it three 
times, failed to bring it to the surface. The story of that expe- 
dition, as written by Dr. Russell, who was on board the ' Great 
Eastern,* is one of the most marvellous chapters in the whole his- 
tory of modem. enterprise. We returned to England defeated, 
yet full of resolution to begin the battle anew. Measures were 
at once taken to make a second cable, and fit out a new expedi- 
tion'; and with that assurance I came home last autumn. 

'* In December I went back again, when lo, all our hopes had 
sunk to nothing. The Attorney-General of England haa given 
his written opinion that we had no legal right, without a special 
act of Parliament (which could not be obtained under a year), to 
issue the new 12 per cent, shares, on which we relied to raise our 
capital. This was a terrible blow. TJie works were at once 
stopped, and the money which had been paid in returned to the 
subscribers. Such was the state of things only ten months a^o. 
I reached London on the 24th of Decem\>ei\ ^ixAv^^^ tissX ^a^ n>4^ 

2* 
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not a 'merry Christmas* to me. Bnt it was an inexpresdble 
comfort to have the counsel of sach men as Sir Daniel Grooch and 
Sir Richard A. Glass ; and to hear stouthearted Mr. Brassey tell 
ns to go ahead, and, if need were, he would put down £60,000 
more! It was finally concluded that the best course was to 
organize a new company, which should assume the work, and so 
originated the Anglo-American Telegraph Company. It was 
formed by ten gentlemen who met around a table in I^ndon, and 
put down £10,000 apiece. The great Telegraph Construction 
and Maintenance Company, undaunted by the failure of last 
year, answered us with a subscription of £100,000. Soon after 
the books were opened to the public, through the banking-house 
of J. S. Morgan & Co., and in fourteen days we had raised tide 
whole £600,W)Q. Then the work began again, and went on with 
speed. Never was greater energy infused into any enterprise. 
It was only the 1st day of March that the new company was 
formed, and was registered as a company the next day ; and yet 
such was the vigor and dispatch that in five months from that day 
the cable had been manufactured, shipped on the ' Great East- 
em,* stretched across the Atlantic, and was sending messages, 
literally swift as lightning, from continent to continent. 

" Yet this was not a * lucky hit ' — a fine run across the ocean in 
calm weather. It was the worst weather I ever knew at that 
season of the year. We had fogs and storms almost the whole 
way. Our success was the result of the highest science com- 
bined with practical experience. Eyerjthing was perfectly or- 
ganized, to the minutest detail. We had on board an admirable 
staff of officers ; such men as Halpin and Beck with ; and engineers 
long used to this business, such as Canning, and Clifford, and 
Temple ; and electricians, such as Prof. Thomson, of Glasgow, 
and Willoughby Smith, and Laws; while Mr. C. F. Varle^, our 
companion of the year before, who stands among the first in 
knowledge,in practical skill, remained with Sir Richard Glass at 
Yalentia, to keep watch at that end of the line ; and Mr. Latimer 
Clark, who was to test the cable when done. Of these gentlemen. 
Prof. Thomson, as one of the earliest and most eminent electri- 
cians of England, has received the distinction of knigh^ood. 
England honors herself when she thus pays honor to science ; and 
it is fit that the government which honored chemistry in Sir 
Humphry Davy, should honor electrical science in Sir William 
Thomson. 

** But our work was not over. After landing the cable safely aft 
Newfoundland, we had another task — to return to mid-ocean' and 
recover that lost in the expedition of last year. This achievement 
has perhaps excited more surprise than the other. Many even 
now * don't understand it,' and every day I am asked * now tt 
was done ? ' Well, it does seem rather difficult to fish for a jewel 
at the bottom of the ocean, two and a half miles deep. But it is 
not so very difficult — when you know how. You may be sure 
we did not go a-fishing at random, nor was our success mere 
* luck ; ' it was the triumph of the highest nautical and engineer- 
^skJU. We had four ships, and on boaxd oi tli<&m ac^me of the 
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best seamen in England, men who knew the ocean as a hunter 
knows every trail in the forest. 

'* There was Cajpt. Moriarty, who was in the • Agememnon' in 
1857-8. He was m the • Great Eastern ' last year, and saw the 
cable when it broke ; and he and Capt. Anderson at once took 
their observations ^so exact that the^ could go right to the spot. 
Aft^r &iding it, tliey marked the liqe of the cable by a row of 
buoys ; for fogs would come down, and shut out sun and stars, so 
that no man could take an observation. These buoys were 
anchored a few miles apart. They were numbered, and each had 
a flag-staff on it, so that it could be seen by day ; and a lantern 
by night. Thus having taken our bearings, we stood off three or 
four miles, so as to come broadside on, and then casting over the 
grapnel, drifted slowly down upon it, dragging the bottom of the 
ocean as we went. At first it was a little awkward to fish in such 
deep water, but our men got used to it, and soon could cast 
a grapnel almost as straight as an old whaler throws a harpoon. 
Our fishing-line was of formidable size. It was made of rope, 
twisted with wires of steel, so as to bear a sti*ain of 30 tons. It 
took about two hours for the grapnel to reach bottom, but we 
could tell when it struck. I often went to the bow, and sat on the 
rdpe, and could feel by the quiver that the grapnel was dragging 
on the bottom two miles under us. But it was a very slow busi- 
ness. We had storms and calms and fogs and squalls. Still we 
worked on, day after da^. Once, on the 17th of August, we got 
the cable up, and had it m full sight for five minutes, a long, slimy 
monster, fresh fi*om the ooze of the ocean^s bed, but our men 
began to cheer so wildly that it seemed to be frightened, and sud- 
denly broke away, and went down into the sea. This accident 
kept us at work two weeks longer ; but, finally, on the last night 
of August, we caught it. We had cast the grapnel thirty times. It 
was a little before midnight on Friday night that we hooked the 
cable, and it was a little after midnight Sunday morning when we 

fat it on board. What was the anxiety of those twenty-six hours f 
he strain on every man^s life was like the strain on the cable 
itself. When finally it appeared, it was midnight ; the lights of 
the ship, and in the boats around our bows, as they flashed in the 
faces of the men, showed them eagerly watching for the cable to 
appear on the water. At length it was brought to the surface. 
All who were aUowed to approach crowded forward to see it. 
Yet not a woixi was spoken ; only the voices of the officers in 
command were heard giving orders. All felt as if life and death 
hung on the issue. It was only when it was brought over the 
bow and on to the deck that men dared to breathe. Even then 
they hardly believed their eyes. Some crept toward it to feel of 
it, to be sure it was there. Then we carried it along to the elec- 
tricians' room, to see if our long sought for treasure was alive or 
dead. A few minutes of suspense, and a flash told of the light- 
ning current again set free. Then did the feeling long pent up 
burst forth. Some turned away their heads and wept. Others 
broke into cheers, and the cry ran from xxiaxi \/ci ^xl^w^ ^w^ ^^a^ 
heard down in the engiae-rooms» deck \>e\o^ ^<b^) ^xA^^q»\£i^^sa 
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boats on the water, and the other ships, whfle rockets lighted up 
the darkness of the sea. Then with thankful hearts we tamed 
our faces again to the west. But soon the wind rose, and for 
tliirty-six hours we were exposed to all the dangers of a storm on 
the Atlantic. Yet, in the very height and fury of the gale, as I sat 
in the electricians^ room, a flash of light came up from the deep, 
which, having crossed to Ireland, came back tb me in mid-oc^an, 
telling that those so dear to me, whom I had left on the banks of 
the Iludson, were well, and following us with their wishes and 
their prayers. This was like a whisper of God from the sea, bid- 
ding me keep heart and hope. The * Great Eastern' bore herself 
proudly through the storm,, as if she knew that the vital oord 
which was to join two hemispheres hung at her stem ; and so, on 
Saturday, tiie 7th of September, we brought oar second cable 
safely to the shore. 

" Having thus accomplished our work of buildin^an ocean tel- 
egraph, we desire to make it useful to the public. To this end, it 
must be kept in perfect order, and all lines connected with it. 
The very idea of an electric telegraph is, an instrument to send 
messages instantaneously. When a dispatch is sent from New 
York to London, there must be no uncertainty about its reaching 
its destination, and that promptlv. This we aim to secure. Oar 
two cables do their part well. There are no way-stations between 
Ii*eland and Newfoundland where messages have to be repeated, 
and the lightning never lingers more than a second in the bottooK 
of the sea. To those who feared that they might be used up or 
wear out, I would say, for their relief, that the old cable works a 
little better than the new one, but that is because it has been 
down longer, as time improves the quality of gutta percha. Bat 
the new one is constantly growing better. To show how delicate 
are these wonderful cords, it is enough to state that they can be 
worked with the smallest battery power. When the first cable 
was laid in 1858, electricians thought that to send a current 2,000 
miles, it must be almost like a stroke of lightning. But Grod was 
not in the earthquake, but in the still, small voice. The other 
day Mr. Latimer Clark telegraphed from L*eland across the ocean 
and back again, with a battery formed in a lady's thimble I And 
now Mr. Collett writes me from Heart's Content : • I have just 
sent my compliments to Dr. Grould, of Cambridge, who is at 
Valentia, with a battery composed of a gun-cap, with a strip of 
zinc, excited by a drop of water, the simple bulk of a tear ! ' A 
telegraph that will do that, we think nearly perfect. It has never 
failed for an hour or a minute. Yet there have been delays in 
receiving messages from Europe, but these have all been on the 
land lines or in the Gulf of St. Lawrence, and not on the sea 
cables. It was very i)ainful to me, when we landed at Heart's 
Content, to find any interruption here: that a message which 
came in a flash across the Atlantic should be delayed twenty-four 
hours in crossing 80 miles of water. But it was not my fault. 
My associates in the Newfoundland Company will bear me wit- 
ness, that I entreated them a year ago to repair the cable in the 
of St. Lawrence, and to put our land Imes in perfect order. 



HVCaiANICS AKD USEFUI« ABTS. 21 

But they thought it more priident to await the result of the late 
expedition before making further large outlay. We have there- 
fore had to work hard to restore our lines. But in two weeks our 
cable across the Gulf of St. Lawrence was taken up and repaired. 
It was found to have been broken by an anchor in shallow water, 
and, when spliced out, proved as perfect as when laid down ten 
years ago. Since tiien a new one has been laid, so that we have 
there two excellent cables. 

'' On land the task was more slow. You must remember that 
Newfoundland is a large country ; our line across it is 400 miles 
long, and runs through a wilderness. In Cape Breton we have 
another of 140 miles. These lines were built twelve years ago, 
and we waited so long for an ocean telegraph that they have 
become old and rusty. On such long lines, unless closely watched, 
there must be sometimes a break. A few weeks ago, a storm 
swept over the island, the most terrific that had been known for 
twenty years, which strewed the coast with shipwrecks. This 
blew down the line in many places, and caused an interruption of 
several days. But it was quickly repaired, and we are trying to 

fuard against such accidents again. For three months we have 
ad an army of men at work, under our faithful and indefatigable 
SuperiDtendeut, Mr. A. M. Mackay, rebuilding the line, and now 
tiiey report it nearly complete. On this we must rely for the 
next few months, out all winter long these men will be making 
tiieir axes heard in the forests of Newfoundland, cutting thousand 
of poles, and as soon as the spring opens will build an entirely 
new line along the same route. With this double line complete, 
with frequent station-houses, and faithful sentinels to watch it, we 
feel pretty secure. At Port Hood, in Nova Scotia, we connect 
with the Western Union Telegraph Company, which has engaged 
to keep as many lines as may be necessary for European business. 
This we think will guard against failures hereafter. But to make 
assurance doubly sure, we shall in the spring build still another 
line by a separate route, crossing over from Hearths Content to 
Flacentia, which is about 100 miles, along a good road, where it 
can easily be kept in order. From Flacentia a submarine cable 
will be laid across to the French island of St. Pierre, and thence 
to Sydney, in Cape Breton, where again we strike a coach-road, 
and can maintain our lines without difficulty. Thus we shall 
have three distinct lines, with which it is hardly possible that there 
can be any delay. A message from London to New York passes 
oyer four lines: from London to Yalentia; from Valentia to 
Hearths Content ; from there to Port Hood ; and from Poit Hood 
to New York. It always takes a little time for an operator to 
read a message and prepare to send it. For this allow five min- 
utes at each station ; that is enough, and I shall not be content 
till we have messages regularly from London in twenty minutes. 
One hour is ample (allowing ten minutes each side for a boy to 
carry a dispatch) for a message to go from Wall Street to the 
Boyal Exchange, and to ^et an answer back again. This is what 
we aim to do. K for a few months there should be occasional 
delays, we ask only a little patlenoe, Te\ii<&ui^«rai^ V^si^ ^xst 
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machinor^ is new, and it taVes time to get it well crfled and nm- 
ning at nill npced. Bat after that, I trust we shall be able to 
satisfy all the demands of the public. 

"A word aboat the tariff. Complaint has been made tiiat it was 
so hi^h as to be very oppressiye. I beg all to remember, that it 
is only three months ana a half since ttte cable was laid. It was 
laid at a great cost and a great risk. Different comptuiies had 
sunk in their attempts $12,000,000. It was still an experiment, 
of which the result was doubtful. This, too, might provQ a costly 
failure. Even if successful, we did not know how long it would 
work. Evil prophets in both countries predicted that it would not 
last a month. If it did, we were not sure of having more than 
one cable, nor how much work that one could do. Now these 
doubts are resolved. We have not only one cable bat two, both 
in working order ; and we find, instead of five words 'a minnte, 
we can send fifteen. Now we are free to reduce the tariff. Ac- 
cordingly, it has been cut down one-half, and I hope in a few 
months we can bring it down to one-quarter. I am in fjavor of 
reducing it to the lowest point at which we can do the business, 
keeping the lines working day and night. And then, if the work 
grows upon us so enormously that we cannot do it, why, we most 
go to work and lay more cable." 

In addition to the preceding remarks of Mr. Field, a few addi- 
tional details may well be aaded to complete the lustory. Four 
attempts were made to lay a cable across the Atlantic before sno- 
cess was attained. In the first attempt, in 1857, the cable gave 
way owing to a strain bein^ put on the paying-out machinery, by 
the sudden dip of the Irish bank, which the apparatus was neither 
strong enough nor flexible enough to withstand. The second 
attempt was made in 1858, when the '*Ao:amemnon" and tiie 
**Nia^ra"met in mid-ocean, effected a splice, and steering in 
opposite directions ultimately laid the cable, which in a few 
weeks transmitted about 400 messages, and then failed. The 
attempts of 1866 and 1866 have been sufficiently described by Mr. 
Field. The great fact that a cable could be laid between Europe 
and America, and that messages could be sent and received 
through its length, was practically demonstrated in 1858 ; the 
fkilure of the cable of 1865 was due to mechanical causes, evident 
enough and easily remedied, as the success of the cable of 1866 
fully shows. 

The cable of 1858 had for a conductor a copper strand of seyen 
wires, six laid around one ; weight, 107 lbs. per nautical mile. 
The insulator was of gutta percha, laid on in three Coverings : 
weight, 261 lbs. per nautical mile. The outer coat was composed 
of 18 strands of charcoal iron-wire, each strand made of seven 
wires, twisted six around one, laid equally around the core, which 
had previously been padded with a serving of tarred hemp. 
Breaking strain, three tons five cwt. ; capable of bearing its own 
weight in a trifle less than five miles depth of water. Length of 
cable, 2,174 nautical miles ; diameter, five-eighths of an inch. 
In the cable of 1865, the conductor was a copper strand of seven 
wires, six laid around one ; weight, 300 lbs. per nautical mile ; 
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embedded in Chatterton's oompound. Insulation was effected 
with gutta percha and Chatterton^s compound. Weight, 400 lbs. 
per nautical mile. The outer coat was 10 wires drawn from 
Webster and Horsfall^s homogeneous iron, each wire surrounded 
with tarred Manila rope, and the whole laid spirally around the 
core, which had previously been padded with a servrng of tarred 
jute yarn. Breaking strain, seven tons, 15 cwt. ; capable of 
bearing its own weight in 11 miles depth of water. Length of 
cable, 2,300 nautical miles ; diameter, one inch. 

The cable of 1866 has for a conductor a copper strand of seven 
wires, six laid around one ; weight, 300^ lbs. per nautical mile ; 
embedded for solidity in CluiAterton^s compound. The insulator 
is four layers of gutta percha laid on alternately with thinner lay- 
ers of Chatterton^s compound ; weight, 400 lbs. per nautical mile. 
The outer coat is 10 solid wires drawn from Webster and Horsh 
fisill^s homogeneous iron and galvanised, each wire surrounded 
separately with five strands of white Manila yam, and the whole 
laid spirally around the core, which had previously been padded 
with a serving of tarred hemp. The breakmg strain is eight 
tons two cwt., and it is capable of bearing its own weight in 12 
miles depth of water. The length of this cable is 2,730 nautical 
miles, ^rt of which was to be used for completing the dktble that 
parted m 1865. Diameter, one inch. 

In laying the Atlantic caJbles, four main risks had to be encoun- 
tered, all of which in the present one have been successfully 
passed tiirough ; 1st, the successful and rapid laying of the shore . 
end; 2d,pas^ down the tremendous submarine inclme known 
as tiie '* Irish bank ; ^ 3d, passing over a short steep valley, 
where the water sinks to almost as great a depth as in mid-ocean; 
Ml, and greatest, the laying of the cable for a distance of more 
than 100 miles through a depth of 2,400 fathoms, or 15,000 feet of 
water ; this passed over, the ocean begins graduEkUy to shallow to 
100 fathoms on the Newfoundland coast. The present cable was 
landed on the American coast in 50 fathoms in Hearths Content 
Bay, one of the most easterly spurs of rocky headland on the 
south of Newfoundland ; tiie place chosen for its landing is a 
deep, rocky inlet, similar to but much larger than Foilhommerum 
Bay, on the Irish end of the cable ; this is more sheltered than 
Builds Bay, where the cable of 1858 was successfully landed. 

The European shore end of the cable of 1866 was landed at 
FpUhommerum Bay, on the coast of Ireland, Juljr 7, 1866, at 
noon ; by 3 ▲. M. of the 8th« the full length of 30 miles was paid 
out, signalled through, and its insulation and conductivity found 
perfect. On July 12th, the ** Great Eastern ^ commenced making 
the splice with buoyed shore end : as soon as that was completed 
and found perfeiSt, &e great work of laying the cable commenced. 
For the first 250 miles, that is till over Uie '* Irish bank,^^ the cable 
made in 1865 was used, after that tilie new cable only ; the reason 
for making this difference was that the new cable is more strongly 
made than that of 1865, and was therefore reserved for the deepest 
water. The route taken was SO to 35 miles south oi th& Va5^^u^^ 
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cable of last year, so that in grappling for its reoovery, tiieTe 
would be no danger of picking up tne new one. 

One of the the most remarkable circumstances connected vrith 
the laying pf the cable of 18C6 is the directness of the route taken 
by the Great Easteim, and the small percentage of eUack of the 
cable paid out, compared with the distance run. 

The log of the steamer shows : 

Saiurday, lUh. — Distance run, 108 miles ; cable paid out, 116 
miles. 

Sunday, Ibth, — Distance run, 128 miles; cable paid out, 139 
miles. 

Monday, l^th, — Distance run, 115 miles; cable paid out, 137 
miles. 

Tuesday, llih. — Distance ran, 118 miles; cable paid out, 139 
miles. 

Wednesday, \Wi. — Distance run, 105 miles ; cable paid oat, 135 
miles. 

Thursday, \^th, — Distance run, 122 miles ; cable paid oat, 129 
miles. 

Friday, 20^%. — Distance run, 117 miles; cable paid out, 127 
miles. 

Saturday 21st. — Distance run, 122 miles; cable paid out, 136 
miles. 

Sunday, 22d. — Distance run, 123 miles; cable paid out, 133 
miles. 

Monday, 2Sd. — Distance run, 121 miles; cable paid out, 138 
miles. 

Tuesday, 24:th, — Distance run, 121 miles ; cable paid out, 135 
miles. 

Wednesday, 26th. — Distance run, 112 miles ; cable paid out, 130 
miles. 

Thursday, 26th. — Distance run, 128 miles; cable paid out, 134 
miles. 

Friday, 27th. — Distance run, 112 miles; cable paid out, 118 
miles; which, with shore end off Valentia, distance 27 miles, 
cable paid out 29 miles, makes distance run 1,669 miles, and paid 
out, 1,864 miles. 

On the 29th of July, the New York papers were supplied witJi 
the news from Central Europe only 30 houi*s old. 

One of the most remarkable feats of engineering of any age 
was the picking up of the cable of 1865, lost at sea, August 2d ; at 
the time of parting, 1,213 miles of cable had been pwd out, and 
all attempts to regain it had been useless on account of the ineffi- 
cacy of the apparatus used. Having laid the new cable, the ** Great 
Eastern " sailed Aug. 9th, to pick up the old. The dragging for the 
cable commenced Aug. 12th, resulting in bringing it to the sur- 
face on the 17th; it slipped from its fastenings and sunk, four 
times ; but on the fifth trial,^ after casting the grapnel 30 times, a 
permanent union was made with the coil on board the *• Great East- 
em,'' on September 2d. It was found uninjured and in perfect 
working order. The grappling ropes were 20 miles long, seven 
md a naif inches in circumference, of the same strands of the 
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cable; the wire being ci steel nmning through the Manila 
covering. 

The new cable is superior to the old in stren^h and condnctiT- 
ity, from its enlarged copper wire, and especially by its increased 
and more carefully yarded insulation. In consideration of these 
qualities, of tiie delicate instruments for detecting faults and for 
working through them when detected, and of the hi^h degree of 
perfection to which electrical science as applied to telegraphy has 
now attained, it may be confidently asserted that the new Athmtic 
cable will be permanently successful. 

Sa^s tiie "New York Independent:^ "On Monday, July 30, 
Mr. Field received a message of congratulation from Mr. Ferdinand 
de Lesseps, the projector of the Suez Canal. It was dated at 
Alezandna, in Egypt, the same day, at half-past 1 p. M., and re- 
ceived in Newfoundland at half-past 10 A. M. Let us look at the 
^lobe, and see over what a space that message flew. It came 
Irom the land of the Pharaohs and the Ptolemies ; it passed along 
the shores of Africa, and under the Mediterranean Ocean more 
than a thousand miles, to Malta ; it then leaped to the continent 
of Europe, and shot across Italy, over the Alps and through 
France, under the English- Channel to London ; it then flashed 
across England and Lreland, till from the cliffs of Yalentia it 
struck straight into the Atlantic, darting down the submarine 
mountain which lies off the coast, and over all the hills and val- 
leys which lie beneath tiie watery plain, resting not till it touched 
the shore of the ' New World.' In that morning's flight it had 
passed over one-fourth of the earth's surface, and so far outstrip- 
ped the sun in its course that U reached its destination three hours 
before it w€ls sent ! To understand this, it must be remembered 
that tiie earth revolves from west to east, and when it is sunrise 
here it is between 8 and 9 o'clock in Alexandria, in Egypt ; and 
when it is sunset here, it is nearly 9 o'clock in the evening there.** 

THB NORTH ATLANTIC TELEOBAPH. 

The magnitude and serious nature of the transmitting difficul- 
ties existing in all long unbroken sea lines, has led to the con- 
struction ofwhat is known as the Russian-American line, — a land 
line of telegraph intended to reach New York from St. Peters- 
l^i^g by wires tlu*ough Siberia and on to San Fiancisco, with a 
short sea section across Behring's Straits, a total distance of about 
12,000 miles. This Russian-American line is already far advanced 
towards completion. But by far the most important line of. tele- 
miphio communication between England and America is that to 
be immediately carried into effect via Scotland, the Faroe Islands, 
Iceland, Greenland, and the coast of Labrador ; and known as the 
North Atiantic Telegraph. A glance at t^e map in the direction 
pointed out will at once show that convenient natural landing 
stations exist, breaking up the cable into four short lengths or sec- 
tions, instead of the necessitous employment of one continuous 
length, as between Ireland and Newfoundland. It will also be 
found that the aggregate lengths of these &ec^otk%\^^9iV0mx\.%i^ 
£bw miles Ike same as tiiat of the Ax^lo-loxi^^Aeids^ edX\^. 
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ft:n:Tif:h from ice when sjbm«:T^«.d. The landing-places of the 
*-ahI<; in Iceland are likewise ia"ii.> wa\' liable to iS disturbed by 
h-j: of .mich a nature as to cause damairc to the cable ; and on the 
J/ibrarlor c^'^ast, the risk of injury to the cable caimot be consid- 
ered ^;:iter than that to whieh'thc Anglo-American shore ends 
Sire exfKj.sed in the vicinity of Newfoundland Bank. — J. Holmes, 
in H^fmi9 of British Association for 1S66. 

TC'NNEL UyDER LAKE MICHIGAN AT CHICAGO, ILL. 

Tlie following ar^count of one of the most remarkable and suc- 
VA:Hi\Uk\ feats of American enginoering is compiled from various 
MoiireeM, prineipally the Reports of the Board of Public AVorks, 
*'hieatfo, tlie **Soientinc American," and the Boston **Common- 

wltli.*^ This work is now vutually completed^and for boldness 
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of conception and engineering skill can compare with the proudest 
achievements of any age or country. The growth of the city of 
Chicago has been marvellous, even for America, and its water 
supply, always insufficient, and of late years unwholesome from 
the filth poured into the lake near the shore by the sewers, had 
become a source of great anxiety to its citizens, when it was pro- 
posed to take water from the lake two miles from sho^e, and con- 
duct it to the dty through a tunnel under the bed of the li^e. 
Many engineers doubted the practicabilitv of the undertaking, and 
the estimates of its probable cost varied from $250,000 to $6,000,- 
000. Surveys of the lake bed by means of an auger inclosed 
in a tube, revealed the favorable circumstance of a continuous 
underlying stratum of hard blue clay. The contract was awarded 
to Messrs. Dall and Gowan in October 1863, for $315,139. They 
have expended, it is said, more than double that amount, and ttyx 
total cost will 'probably be not far from a million dollars. Work 
was commenced on the shore end of the tunnel, March 17, 1864 ; 
and its completion in so short a time is due principally to the skill 
and ener^ of the City Engineer, Mr. £. S. Chesbrough, formerly 
connected with the Cochituate Water Works at Boston. 

The shore-end shaft consists of sections of great cast-iron tub* 
ing, about 36 feet long and 9 in diameter, let into the earth by 
simply excavating beneath them, and allowing them to sink as 
the earth was removed. Having in this way worked tiu-ough the 
sand and into the blue clay, which forms the bed of the lake, the 
shaft was narrowed to 8 feet, and carried down over 40 feet 
lower, with brick walls a foot thick. This shaft was sunk four 
feet lower than the lake shaft, causing a descent of two feet per 
mile in the tunnel to fEu^ilitate emptying when required. From 
the shore end the tunnel extends two miles in a straight line, at 
right angles to the shore. 

At the lake end of the tunnel the greatest en^neering difficulty 
and triumph occurred. Many engineers believed that it would be 
impossible to make a permanent structure at tliis point, on ac- 
count of the violent storms on the lake. It was, however, effected 
by a huge wooden crib or coffer-dam, built, like a ship, on the 
shore, launched, and towed to its destined location. 

This immense crib was launched July 26, 1865 ; it is 40 feet 6 
inches high, pentagonal, in a circumscribing circle of 98 feet 6 
inches in diameter. It is built of logs one mot square, and con- 
sists of three walls, at a distance of 11 feet from each other, leav- 
ing a central pentagonal space having an inscribed circle of 25 
feet, within which is fixed the iron cylinder, 9 feet in diameter, 
to run from the water line to the tunnel, 64 feet below the surface 
and 31 feet below the bed of the lake. The crib is very strongly 
built, containing 750,000 feet of lumber, board measure, and 150 
tons of iron bolts, and weighs about 1,800 tons. It was towed to 
its position, two miles from the shore, on the ^ame day, and the 
process of sinking began by opening sluices and placing some 600 
tons of stone in the bulkheads. The crib will hold 4,500 tons of 
stone when filled, giving an extra weight of 3,900 toi\a fot ^*jw ' 
ing against the waves. As bijdlt it wiili eltaxki^ «^\x\> %^n^^ 
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above the water line, but, when filled, another five feet will be 
added. 

The angles of the crib were armored with iron two and a half 
inches tliick. The three distinct walls or shells, one within an- 
other, were each constructed of 12-inch sqoare timber, oaolked 
water-tight -like a ship, and all three braced and girded together 
in every direction, with irons and timbers, to the utmoet possible 
pitch of mechanical strength. Within these spaces were con- 
structed fifteen caulked and water-tight compartments, which were 
filled with clean rubble stone, after the cnb was placed in por- 
tion. By this means the crib was sunk to the bottom, where it 
was firmly moored by cables reaching in eveir direction to fan^ 
screws forced ten feet into the bed of the lake. The water m 
which it was sunk was thirty-five feet deep, leaving five feet of tlie 
jrtmcture above tiie surface. This was in June, 1865. The crib 
had cost $100,000. 

The crib stands 12 feet above the water line, giving a mazimam 
area of 1,200 feet which can be exposed at one sweep to the action 
of the waves, reckoniug the resistance as perpendicolar. The 
outside was thoroughly caulked, equal to a first-class vessel, with 
three threads in each seam, the first and last being what is called 
** horsed.^ Over all these there is a layer of lagging* which will 
keep the caulking in place, and protect the crib proper from the 
action of the waves. A covered platform or house was built over 
the crib, enabling the workmen to prosecute the work uninter- 
rapted by rain or wind, and affording a protection for the eardi 
brought up from the excavation, and permitting it to be carried 
away by scows, whose return cargoes have been bricks for the 
lining of the tunnel. The top of the cylinder will be covered 
with a grating to keep out fioating lo^, fish, &c. A sluice made 
in the side of the crib will be opened to let in the water, and a 
lighthouse will be built over all, serving the double purpose of 
guarding the crib fropi injury by vessels,and of showing the way 
to the harbor of Chicago. 

The next thin^ was to sink a water-ti^ht shaft within the well 
of the crib and mto the bottom of the li^e some 90 feet further, 
makinff 66 feet in all below the surface of the water. Seven great 
iron cvlinders, each nine feet long, nine feet in diameter, two and 
a half inches thick, and weighing 30,000 pounds, were cast for 
this purpose. The seven iron cj^finders, making the iron part of 
the shaft, and 63 feet of it in height, were one by one connected 
by bolts, and lowered to the bottom of the lake within the 30 feet 
open space in the centre o( the crib. In the next to the upper of 
these cvlinders are the gates or valves bv which the water will 
be let in to and shut out from the tunnel. The cylinders were 
then, after having^ been brought to exactly the right position, 
forced downward into the stif^ hard clay of the bottom some 25 
feet, the water being wholly excluded. 

The water was now pumped out, the top of ^e shaft was dosed 
as nearly as possible air-tight, and a powerful air-pump, driven by 
steam, commenced to exhaust the air also. As fast as a vacuum 
Qoold be created, the atmospheric pressure, added to its own 
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weight of over 100 tons, forced the huge shaft downward into the 
bed of the lake with inconceivable foixse. Thus a depth was 
reached and secured, at which it became perfectly safe to carry 
forward the excavation, and complete the shaft to the level at 
which the tunnel was to begin. The loose rubble-stone is finally 
to be taken out of the water-tight compartments, one at a time, 
and they will be re-filled with piers of soUd masonry, laid in hy- 
draulic cement, and united above the surface in some manner, so 
as to present an immovable front on all sides against the force of 
storms. 

Both shafts having been completed, the excavation of tiio tun- 
nel was commenced from both ends. The work was commenced 
at the lake end about October, 1865 ; and the tunnel was finished 
about Kov. 26, 1866. One-third of the length from the shore end 
at the rate of about 17 feet a day, or about 3,200 feet, was com- 
pleted before the commencement of the boring from the lake end. 
About four-fifths of the tunnel was made from the shore side ; the 
three intermediate cribs and shafts, at first proposed, were omit- 
ted, and all the work canied on by the shafts at each end; the 
floor of the crib 'at the lake end was made of 12-inch timber in- 
stead of plank. 

The clear width of the tunnel is five feet, and the clear height 
five feet two inches, the top and bottom arches being semi-chxiles. 
It is lined with brick masonry ei^ht inches thick, in two rings or 
shells, the bricks being laid lengthwise of the tunnel, with tooth- 
ing joints. The bottom of the inside surface of the bore at ti^e 
east end is 66 feet below the water-level, and has a gradual slope 
towards the shore of two feet per mile, falling four feet in the 
whole distance, to admit of its being thoroughly emptied in case 
of repairs, the water being shut off at the crib b^ means of a gate. 
The work has been laid in brick eight inches tiiick all round, well 
set in cement. The lower half of the bore is constructed in such 
a manner that the bricks lie against the clay, while in the upper 
half the bricks are wedged in between the brick and the clay, 
tiius preventing any danger which might result from the tremen- 
dous pressure which it was feared mi^ht burst in the tunnel. 

The work was continued night and day, with but slight inter- 
ruption, and at all seasons. A narrow railway was laid from the 
foot of each shaft, as tiie work progi*essed, with turn-out cham- 
bers for the passage of meeting trains ; and small cars, drawn by 
mules, conveyed the excavated earth to the hoisting apparatus, 
and brought back at every trip a lodid of brick and cement. The 
men woiSed in gangs of five, at the excavation; the foremost 
ronninff a drift in the centre of the tunnel, about two and a half 
feet wide, ti^e second breaking down the sides of the drift, tiie 
third trimming up the work to proper shape and size, and the last 
two loading the earth into the cars. The bricklayers followed 
closely, only a few feet behind the miners. About 125 men were 
employed in this work, in three relays, working ei^ht hours each ; 
the only cessation being from 12 o^clock Saturday night, to 12 
o^elock Sunday night. A current of fresh. a\t ^^v& c^\i^\a.\!i{Oi^ 
forced throufifh the tunnel by macbineTy. IV. \& T^isv(y2^^aX^^ >^Qia^ 
3* 
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no seiions accident fh)m earth, gas, or water, oocnrred in tiie 
whole course of the work. 

The soil has been found to be so uniform that only one leakage 
of water through the tunnel ever occurred, and that only di^al- 
lin^ through a crevice at the rate of a bucketful in five minutes. 
This occurred in September, 1865. The workmen left in dismay, 
but soon returned and repaired the crevice. From that time no 
accidents of any importance have occurred to hinder the projmss 
of the woric, with the exception of one or two slight escapes ofgas, 
which resulted in nothing serious. Several stones, varying from 
the size of an egg upwards, have been met with, but very few in 
comparison with the great mass of clay. The only fanlt to be 
found with the clay was, that it contained too mudi calcazeoos 
matter to make good bricks. The extractors claim that they 
have lost money on this account. The bricks formed of the day 
found in the tunnel would not bum solidly, so that tihey wero 
obliged to get bricks elsewhere. 

The lining of the shore-shaft consists of twelve Inches of the best 
brick and cement, in three shells ; about 4,000,000 bricks were 
used in its construction. 

On the 16th of November, 1866, the opposite gangs of work- 
men were within two feet of each other, and this partition was 
broke through on the following day in a formal manner by the 
Board of Public Works. The accuracy of the measurements of 
the engineer was such, that the two lines of excavation coincided 
in the centre within nine and one-half inches, and the floors joined 
with a difference of only one inch. 

Water is to be let into the lake-shaft by three gates, on differ- 
ent sides, and at different heights. The lowest is ^e feet from the 
bottom of the lake ; the next ten feet, and the highest fifteen feet 
Flumes through the surrounding masonry, also closed by gates 
and gratings at their outward ends, will conduct the water to ti&e 
shaft gates. All the gates can, of course, be opened and closed 
at pleasure. ^ 

The tunnel, as now constructed, will deliver, under a head of 
two feet, 19,000,000 gallons of water daily ; under a head of el^it 
feet, 38,000,000 gallons daily, and under a head of eighteen feet, 
67,000,000 gallons daily. The velocities for the above quantities 
will be one and four-tenths miles per hour, head beine two feet; 
head being eight feet, the velocity will be two and three-tenths 
miles per hour ; and the head being eighteen feet, the veloci^ will 
be four and two-tenths miles per hour. By these means it will be 
competent to supply one million people with fifty-seven gallons 
each per day, with a head of eighteen feet. With regard to the 
character of the work, the material met with in the process of 
excavation has been stiff blue clay throughout, so that the antici- 
pations of the contractors have, in this respect, been fulfilled. 

The crib, since it was sunk and loaded, has been thoroughly 
tested by violent storms, and, during the winter, by the moving 
fields of ice. It withstood the shocks, both of the ice and the 
storms, without injury, and the least movement of it, since it was 

drly loaded, has not been discovered. 
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TUNNEL UNDER THE ENGLISH CHANNEL. 

Mr. Hawkshaw has been engaged in making trial borings with 
a view to develop a project for a railway tannel under the chan- 
nel between Dover and Calais, and commnnicating on the Eng- 
lish side with the Chatham and Dover Railway, and on the 
French side with the Northern Railway of France. He proposes 
to carry on the excavations for the tunnel from both ends, and 
also from shafts in the channel, at the top of which powerful en- 
gines will be erected for pumping and wmding up the excavated 
material, and for supplymg motive power to the machinery by 
which the excavation is effected. 

On the other hand, Mr. George Remington is of opinion that a 
tannel on the site proposed by Mr. Hawkshaw is impracticable; 
on account of the dimcuK^ he anticipates in keeping down the 
water in a chalk excavation of that magnitude. He therefore 
proposes another line for the tunnel between Dnngeness and 
Cape Grrisnez, wliich, entirely avoiding the chalk, passes through 
tiie Wealden formation, consisting chiefly of strong clay. The 
tunnel would be twenty-six miles m length from shore to shore. 
On this route in mid-channel, there is an extensive shoal, with 
only eleven feet of water upon it at low-water ^ring tides, where 
Mr. Remington proposes to construct a shaft protected by a 
breakwater. 



CHICAGO BIVEB TUNNEL. 

A tunnel has recently been commenced at Washington street* 
on the south branch of the Chicago river. It is to consist of three 
passage-ways, the centre one to be used by foot-passengers and 
the two side ways to be used for vehicles. The middle passage 
will be 15 feet high and about 10 feet wide, each of the outer pas- 
sage-wavs being 11 feet in width by 15 feet at the highest point. 
The width of the river at Washington Street is about 180 feet, 
while the whole length of the tunnel, after providing for a suita- 
ble inclined plane at each entrance, will be about 945 feet. The 
floor of the tunnel at the centre of ti&e river will be about 82 feet 
below low-water mark. 

The tunnel is to be constructed by means of ooffei^dams, which 
are to be placed, with their protections, up and down the river, 
within a space, north and south, of not over 150 feet, and, east 
and west, of not over 100 feet, so as to have a space of nearly 50 
feet for tiie passage of vessels entirely unobstructed. Upon the 
completion of the work, such portions of the dams as may remain 
will be entirely removed, so as to leave the river as unobstructed 
as at pi^sent. The tunnel proper is to be formed of the most 
perfect brick and stone masonry, backed with concrete, while the 
floor of roadways will be neatly paved with Nicholson pavement. 
The work is to be completed in March, 1868. 

Should this latter work prove a success, we may look for the 
general adoption of the tunnel instead of the bridge plan 8Jt «1L 
our river crossings ; and, as a oonBequenoe, ^h& «X»tfJ\»i(ib lsftft>^^\&. 



AmcAL €0f flcnsnnc msooracr. 

#/f t'»/; rirrr Ui Mining' craft of all descriptions, thus aroiding the 
tiUito^t inU;rfninabl«! d';laT« now eaas*^ or the ooostant swin«:in^ 
r^ tb« various bridgen during the season of naTigation» as well as 
th^; many aefodents which are sure to resoU Irom our present 
hrU\fi;*9 nyM^m. 

Tnti UmgicM tunnel in England is the Box Tonnel on Uie Great 
WftuiHrn Kailwaj, which is 9,680 feet long, 39 feet high, and S6 
feet wide. 

8AND-FATCH TUySEU 

The miners working in the middle section of the Sand-Pfetdi 
Tunnel, on the Pittsburg and Connellsville Railroad, have met» 
ttiUM piercing onc<s moro tlie great mountain barrier between the 
Ohio valley and the sea-board. The Sand-Patch Tunnel is 4,750 
fitet long* <fr 1,(XK) feet longer than the Allcghany-Mountain Tonnel 
of the Pennsylvania liailroad. It was commenced some ten 
vears ago, is Uy accf>mmor1ate a double traclk of rails all throng, 
iNiliig 22 feet wide, and 19 feet high. The greater portion of it 
gcNiN through sfjlid red sand-stone, not requiring any brick arch- 
ing for that distance. The grade of the tunnel is 2,200 feet above 
tli(i lovui of the sea, or 1,600 feet higher than low- water mark oi 
the Ohio river at ilttsburg. 

THE MONT-CENIS TUNNEL. 

Tt 1h osUmatod that the number of holes which have to be 
drilhul by the rock-boring machines in the Mont-Ccnis Tunnel, 
bttfore that work Ih cuuipleted, is about 1,600,000. The total 
dopth of all thoHo holes when bored will amount to about 4,265,- 
HUO ftiot, which is 106 times the length of the tunnel. Nearly 13,- 
0(K),000,(XX) blows will be struck by the perforators, to do this 
>vork. The vntraiu^e to tlie tunnel, on the French side, is 3,946 
foet alutvo Uio lovul of tlio sea, and its termination, on the Italian 
sldts 4.U80 foet, so tliut tlio actual difference of level between the 
two oxtn»inltlos is about 434 feet. 

The total leugtli of the Mont-Cenis Tunnel is 12,220 metres ; of 
tills, 7.977 rt^uaiu to be made. Having been begun in 1858, and 
with new motliods and energy in 1863, 4,423.4 metres were fin- 
kihod (Ml Uio tlrst i^ April, 1866 ; of which, 1,646 metres were ao- 
tHMupHi«hiHl by the oUt mothiHls of tunnelling, and 2,777.4 by the 
ut»w iiuH4uMik>al motlioiis, since the commencement, of 1863 — 802 
motrtni in 1863; 1.088 in 1864; and 337.4 m the first quarter of 
I86«^. The rate of progress in 1862 was 2.02 metres per day ; in 
1864. 2.92 metres, and Iii 186^ thus far, 3.76. At the last rate, it 
wU) tako 6 :^^ years to wmplete the tunnel. 

Air Is iHMupr«»ss«Ki bv water-power outside, and is ccmveyed by 
|4^H^ \viU> the oximvauiui, where it ffives motion to the chisels 
lliHt ^K'rlf\>nae the rook, lurmiug eavities for the gunpowder used 
iu Nastiiur. Small p^^rf^Mratiurs travel on a carriage, each of them 
U'hi^ a Uud i>f horisimtal air-i^'ssure engine, tlie prolonged 
plavU(<\Hi v'f whWh i^arri^.'^ a jumper, that makes 260 strokes a 
Mihkttt^. The .exvHMts i4f pr^'ssur^ on each jumper, above that of 
^irN4»rii^; whWh brings it baok» is 216 lUk, thus bringing a 
iHMMklerabW |M>\v«r iulo aictMU. 
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THE FRENCH CAKAL AT SUEZ. 

It is announced that in 1867 the long-projected canal through 
the Isthmus of Suez, will be opened to the world. In this ^eat 
enterprise, the French have once more shown their extraordinary 
control of persons of totally opposite characters and habits of life, 
and have, moreover, exhibited the business faculty in a degree 
I'arely shown by other than Englishmen. There are now work- 
ing at the canal nearly 19,000 men, of whom 8,000 are Euro- 
peans, and the remainder Arabs, Egyptians, or Syrians. The 
crews of the dred^ng-machines are often composed of French- 
men, Italians, Greeks, Germans, Egyptians, and Maltese ; and we 
are assured that they are in no way inferior to the more homo- 
geneous crews which are seen at home. The Orientals even ex- 
hibit a zeal and ardor which almost equal the activity of French- 
men. The arrangements for the housing, feeding, and sanitary 
welfare of the workmen are, seemingly, very complete. There 
is free trade in provisions, and 1,4^ traders have established 
along the line of works, hotels, canteens, warehouses, and shops, 
where almost everything can be obtained. The medical, postal, 
and telegraphic services are under the control of the company. 
At great expense, a water supply has been obtained, which yields- 
2,000 cubic metres per day. The distiict is destitute of water- 
courses, and this arrangement was, therefore, of the highest im- 
portance. By these means, cholera and other maladies have been 
warded off. From the measures taken by M. de Lesseps and his 
colleagues, for the comfort and health of the workmen, we might 
learn a lesson. In India, China, and the colonies, we have army 
" stations,*^ which are regularly occupied during certain seasons 
of the year, and which are yet without proper house-room and 
pm*e water. 

But beyond these things, the mechanical contrivances which 
have been invented, and are now used, for the several different 
kinds of work, are worth consideration. Conspicuous among 
them are the dredgin^-machines. To cut a channel through a 
cei'tain piece of land, me plan adopted has been to dig by hand 
until sufficient depth and width has been secured to float a dredg- 
ing-bai'ge, when the water has been let in, and the machine set 
in motion. Instead of emptying the mud into another barge, to 
be taken out to sea and there di^harged, each dredge has anixed 
to it a long^ spout, the upper end of which be^ns on the dredge 
itself, as high as possible, where it receives ue eai1h raised by 
the buckets. At the same time, pumps worked by the steam- 
engine of the dredge raise a torrent of water which carries the 
earth off beyond the bank, and spreads it over a wide surface. 
In this country, where we are just^now about to reverse our sys- 
tem, and keep our rivers clear instead of filling them with depos- 
its, a modification of this machine would be of gi*eat service. By 
its means we might at once deepen and clear the beds of our 
rivers, and add materially to the feitUity of the adjacent fields. 
Few things are more fertilizing than what is called ** warp,** and 
by the means thus pointed out, this could be oVAsasl^^ ^ss^si&issss^^ • 
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In many places in England, a plan not unlike that by which the 
valley of the Nile is made fertile, is ciiirried out. In Yorkshire, 
for example, it is a regular practice to open the banks of the 
Dutch river, and allow its turbid waters, which contain much soil 
in suspension, to spread over the fields. When the ^p is closed, 
and the water drawn off, a rich alluvial mud remains, on which 
splendid crops are raised. The system of opening the bajiks of 
the river is, however, awkward and expensive. The Suez canal- 
dredge does away with its necessity, and applies scientificallv 
what is now obtained by a very clumsy system. — London Star. 

The Malta "Observer," of a late date, says : "By reliable infor- 
mation, recently received, we learn that the wori^s of the Isthmus oi 
Suez Canal are being very actively carried foi'ward by M. de Les- 
sens. An average depth of from seven to nine feet has been ob- 
tained from Port Said, along the salt-water canal ; and the rest of 
the distance to Suez is traversed temporarily by a fresh-water one 
about seven feet deep, connected with the other by means of locks 
and powerful pumps. As far as sixty stations the full width of 
the proposed ship-canal has been excavated to sixty metres ; but 
from that point to the seventy-fifth station and Ismalia, the width 
is incomplete. All that has been done is done well, and reflects 
the highest credit on the science, skill, and persevering energy 
of the French en^neers. The real difficulties of dredging in a 
constantly dissolving sand are now commencing; but well in- 
foimed persons entertain but little doubt that these and all others 
may be overcome by time and money." 

FBITH OF FORTH BRIDGE. 

Parliamentary sanction has been obtained for a bridge over the 
Frith of Foith, of a magnitude which gives it great scientific inter- 
est. It is to form part a of connecting link between the North 
British and Edinburgh and Glasgow Byways. Its total length 
will be 11,755 feet, and it will be made up of the following spans, 
commencing from the south shore: First, fourteen openings of 
100 feet span, increasing in height from 65 to 77 feet above mgh- 
water mark ; then six openings of 150 feet span, vaiying from 71 
to 79 feet above high-water level ; and then six openings of 175 
feot span, of which the height above high-water level varies f^m 
76 to 83 feet. These are succeeded by fifteen openings of 200 feet 
span, and height increasing from 80 to 105 feet. Then come the 
four great openings of 500 feet span, which are placed at a clear 
height of 125 feet above high-water spring tides. The height of 
the oridge then decreases, the large spans being followed by two 
openings of 200 feet, varying in height from 105 to 100 feet above 
high water ; tlien four spans of 175 feet, decreasing from 102 to 
96 feet In height ; then four openings of 150 feet span, varying in 
\ght from 95 to 91 feet; and, lasUy, seven openings of 100 feet 
•n, 97 to 92 feet in height. The piers occupy 1,006 feet in 
negate width. The main girders are to be on the lattice 
iciple, built on shore, float(;d to their position, and raised by 
imnlic ])owor. The total cost is estimated at £476,543. — 
wieerin^, Jan. 5, 1866. 
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WASHINGTON AQUEDUCT. 

At a meeting held December 6, 1866, Mr. Edward C. Pickerings 
called the attention of the Massachusetts Institute of Technology 
to one of the greatest of American engineering woHls, and, at the 
same time, one of the least knovm, tie., the aqueduct by which 
the city of Washington is supplied with water. 

The plan accepted by Congress was to erect a dam across the 
great fidis of the Potomac, conducting the water about thirtetm 
miles through two reservoirs to the city. Gen. Meigs, who had 
the work in charge, instead of reports, prepared photographs of the 
working drawings and of the aqueduct itself; a sot of tnoso rare 
photographs he exhibited and explained to the Institute. The 
supply thus obtained for tlie city of Washington is 67,000,000 gal- 
lons daily, twice as much as the Croton, and live and a half times 
as much as the Cocliituate suppljy^. The greatest engineering 
work in the Cabin John branch is the briugo over Cabin John 
Creek, which has one stone arch with a span of 220 feet, making 
the largest arch now in existence ; the Chester arch being only 
200 feet, London Bridge 152, Neuilly 128, and the Rialto 99 feet. 
When the centre scaffolding was removed the arch did not settle, 
the key-stone having been set in winter and the centre struok in 
summer. Other gi*eat arches have settled more or less, aooordhig 
to the excellence of the workmanship of the arch and centre. 

From ibe distributing reservoir the water is conveyed in two 
SO-inch pipes. There were two streams to be crossed. College 
Branch and Bock Creeks. In spanning those creeks the structure 
is remarkable, not only for size, but for the ingenious principle 
of construction. Instead of building a bridge and layiue pipes 
on it, the pipes themselves were cast in the &rm of an arch, and 
constitute the bridge. The Bock Creek bridge has a span of 200 
feet, with two 48-mch pipes ; the College Branch bndge has a 
span of 120 feet, with two 30-inch pipes. The aroh is so strong 
over the Bock Creek that'a roadway is placed upon it, continuing 
Pennsylvania Avenue to Georgetown. The pipes wore at first 
lined with wood. The diurnal rise and fall of the bridge is al)out 
two inches ; this constant motion produced slight leakage from 
droppings ; the wooden lining was then taken out, as it was shown 
there was no danger of fi:«ozing, and now there is no leakage, the 
pipes remaining at the temperature of the water. 

it was commenced in 1858 and finished in 1868. 



SUSPENSION BBIIX^E AT CINCINNATI, OHIO. 

Another great triumph of American engineering is the suspen- 
sion bridge over the Ohio Biver at Cincinnati, from Front Street, 
in that city, to Second Street, Covington, Ky. It is said to be 
the longest single-span bridge in the world. Its cost was about 
$2,000,000. It is strong, ornamental, and affords an easy road 
of communication between the States. Bailroad tracks are to bn 
l^d over its span. The following axe \ta dmexiiSiCKA^ te. \ 
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Length of main span from centre to oentre of towen, 1,057 feei. 
Length of each land span, 281 foet. 

Total iongth of bridge, inolading approaohet from Front Street in CSneinatIi 
and Second Street in Corington, 2,252 feet. 
Height of towers from foundation, withont toneti^ 900 feei. 
Height of torrete, 30 feet 
Height of bridge abore low water, 100 feet. 
Width of bridge in the clear, 36 feet. 
Number of cables, 2. 
Diameter of cables, 12} inches. 
Amount of wire in the cables, 1,000,000 ponndf. 
Strength of the struoturo, 16,800 tons. 
Deflection of cables, 88 foot 
Masonry in each tower, 32,000 perehes. 
Masonry in each anchorage, 13,000 perohea. 
Masonry, total amount, 90,000 perches. ,\. \^ 

Towers at base, 86 by 62 feet . Jf 

Towers at top, 74 by 40 feet . ' .l.-: -^ 

Strands in each cable, 7. s i^ 'u? *? 

Wires in each strand, 740. 
Wires in cables, total, 10,360. 
Weight of wiro, 600 tons. 
Feet of lumber, 600,000. 

GREAT VLADUCTS. 

At a meeting of the Society of Engineers, in January, 1866, a 
paper was readby Mr. W. U. Mills, on the Oraigellachie Viadiict 

This viaduct was constructed for the purpose of carrying the 
Morayshire Railway over the River Spey, at Oraigellachie, Banff- 
shire, the engineers being Mr. Samuel (M. Inst. C. £.) and the 
author. It consisted of three spans of 57 feet each on the north 
bank, and one span of 200 feet over the main chiumel of the river; 
ordinary boiler-plate girders constituting the former, and the lat^ 
ter being of wrought-iron on the lattice principle. The piers and 
abutments were of solid ashlar masonry, and the wprks were ar- 
ranged for a single line of railway. It appeared that the excava- 
tion for the foundations was commenced in May, 1862, and that 
tAie viaduct was opened for public traffic in July, 1863. The total 
cost had amounted to £12,199, or equal to £29 10&. per lineal foot. 

A paper was also read at the same meeting 1^ Mr. Ridley, giv- 
ing some details concerning the Grand River Viaduct, Mauritias 
Railway. 

It was stated that the length of this viaduct, from abutment to 
abutment, was 620 feet, and that this distance was divided into 
five openings of 116 feet each in the clear. The height from the 
level of the rails to the surface of the water was 129 feet 9 inches. 
Each pier was composed of two cast-iron cylinders, each ten feet 
in diameter, resting upon masonry foundations, and filled with 
concrete ; Uie worlu being for a single line of railway. 

OB£AT BRIDGES. 

The Tictoria Bridge over the St. Lawrence, at Montreal, has a 
I length of one and three-quarters miles, and a length of iron 
Dg of one and one-quarter miles, ¥rith 25 &|^aii&« one of 330 
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feet and the rest of 242 feet, with a headway of 60 feet. The 
Britannia Bridge over the Menai Straits is 1,487 feet long with- 
out the abutments, with two spans of 230 feet each, one of 458 
feet 8 inches, and one of 459 feet ; and the Saltash Bridge 468 feet. 
The Forth Bridge has a length of 10,550 feet ; and the Severn 
Bridge nearly 12,000 feet. The bridge of the Haitford, Spiing- 
field and New Haven Railroad, over the Connecticot, at Ware- 
house Point, replaces a wooden structure on stone piers, and was 
built on the old piers with the addition of several new ones in the 
same line, so that the present structure occupies the exact site of 
tho former one ; and during the seven months of its construction 
no delay of trains was caused by the work. This is remarkable 
when the magnitude of the work is considered. The bridge is 
1,524^ feet in length, composed of 624 tons of wroughtru'on, 
the flooring only being of wood. In its construction, 175,000, 
rivets were used. The cost was $264,784.63, and it is capable of 
bearing a strain of two and a half tons to the foot. The iron- 
work was made in England, by Fairbaim & Co. of Manchester, 
and the London Engineering and Iron Ship-Building Company. 
The plans and designs were by James Laune, Civil Engineer, of 
Hartford, Conn. — Scimtific American. 

STEEL BRIDGES. 

At a late meeting of the Literary and Philosophical Society, 
Mr. S. B. Worthin^n, C. E., st.ated that he had lately con- 
structed a swing bridge for carrying a railway over the Sankey 
Canal, in which the girders were made of Bessemer steel plate. 
The object of using steel instead of wrought-iron was to reduce tiie 
weight of the giraers ; these are four in number, about 56 feet 
long, with bearings varying from 30 to 40 feet, and 2 feet deep. 
They were manufactured from steel tubes made by the Bolton 
Steel and Iron Company ; and were tested with loads of a ton to 
the foot, or more than double the weight which they could possi- 
bly be called upon to bear. The deflection varied from one-half 
to one inch, according to the len^h of the girder, and there was 
no permanent set on removal of the testing load. The plates 
used varied from one-quarter to seven-sixteenths of an inch in 
thickness; and the average tensile strength of a considerable 
number of plates tested was upwards of 36 tons to a square inch. 
The weight of the girders was about five-eighths of the weight 
which they would have been if wrought-iron had been used. 

CONCBETE BLOGEJS FOB BUILDING. 

An ingenious application of the well-known process of mould- 
ing blocks of concrete for building purposes was patented some 
time back. The inventor, a Mr. Tall, proposes to erect walls, 
houses, and other structures, by literally castmg them of concrete, 
in the place they are intended to occupy. An ordinary concrete 
foundation is first laid, and upon the foundation horizontal frames^ 
constructed of boards lined with zinc or otViet tfv^^aX^ ^x^ ^^\» '^ 
on ed^e, so aa to form a kind of trough foT receVvVn^ >iXi<^ qc»ticx^xa< 
4 
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Bt the insertioD of suiUble cores, holes for the insertion of the 
joists, or for other purposes, may be moulded in the concrete as 
the woii^ proceeds. 



LDCE CONCRETE CT GO^fSTRUCTIOSS. 

Mr. F. Ingle communicated to the British Association, in 1866, 
a paper in which he pointed oat what he con»dered a^ radical 
defect of concrete formed from lime as ordinarily used, tIz., that 
by the action of fire it becomes reconTcrted into lime, whidi, 
when the water from the engines is brought to bear upon it, 
expands greatly, and forces out the walls, to the destruction of 
the building. He advocated the use of a concrete formed from 
gypsum, which is not liable to this defect. The sjrpsom, which 
IS of a coarse and inexpensive character, is formeointo plaster of 
Paris by roasting, and mixed with a peculiar kind of clay found 
in connection with the beds of gypsum. 

HYDRAULIC CEXEKTS. 

M. Fr^my communicated, in May, 1865, an important paper on 
this subject to the French Academy of Sciences. Yicat assumed 
the formation of a double-silicate of alumina and lime, which, by 
absorbing water, was the cause of the setting of hydraulic ce- 
ments, and this view seemed to be confirmed by finding in the 
calcined cements a silicate which formed a gelatinous precipitate 
with an acid, which silicate did not pre-exist in the stone before 
calcination. MM. Rivot and Chatonay suggested that the calci- 
nation of the argillaceous limestone gave rise to an aluminate'of 
lime having the formula Al^ O 3 Ca O, and to a silicate of lime 
represented by Si O 3 Ca O, which salts brought into contact 
with water form hydrates, each with six equivalents of water, and 
thus cause the setting. 

The result of the experiments of M. Fr6my is, that the setting 
of cements is due to two different chemical actions : first, to the 
hvdration of the aluminates of lime ; and secondly, to a puzzn- 
olanic action, in which the hydrates of lime ccmibine with the 
silicates of lime and alumina. He found that alumina is even a 
better flux fur lime than silica, and he suggests that the very 
basic compounds of these two substances — those, for instance, 
containing from 80 to 90 per cent, of lime — may be useful in the 
iron furnace, owing to tibeir disposition to absorb sulphur and 
phosphorus, and thus free the metal from these noxious impnri- 
ticH. He also finds that no substance is capable of acting as a 
piizzuolana except the simple or double silicates of lime, con- 
taining only from 30 to 40 per cent, of silica, and sufficiently 
basic to form a gelatinous precipitate with acid. 

INSOLUBLE SILICATE. 

M. Ch. Guerin called the attention of the French Academy to 

a now method of obtaining, by a cold process, a silicate com- 

^etely insoluble, which can bo applied either as an external coat- 

gi as in tliu case of glass or iron, or made to penetrate through 

M interior of the sulMtance, as ibr the preservation of wood $xA 
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other vegetable matters. The process is very simple: a thin 
coating of slaked lime made into paste with water, or whitewash, 
is laid on the object to be silicatized, and, when this has been al- 
lowed to dry, siUcate of potash is applied over the coating ; the 
effect, it is asserted, being that all the portions touched by the 
solution of potash become completely insoluble, and of yen^ great 
adherence. In order to obtain an insoluble silicate in the interior 
of a substance, all that is necessary is to impregnate it by ini- 
mersing it in whitewash or lime-water, and, when it is dry, to 
steep it in a solution of the silicate of potash. 

By this means it is proposed to prevent the decomposition of 
vegetable substances bv petrifying them; also, to protect po- 
rous building-stones and brick against air and damp ; iron, by a 
coating of paper, pulp, or other finely-divided woody matter, 
mi^ed with slaked lime. 

Again, letters, characters, or any other device, can be traced 
with the silicate on any surface spread with lime ; and those por- 
tions touched by the silicate will alone adhere and become insolu- 
ble. Or, if they be traced with a solution of gum arable, and the 
whole be washed over with the silicate, the parts protected by the 
gum can be washed off, the rest remaining in relief, as the let- 
ters, etc.,^0 in the first place. • 

The process seems to be substantially the same as the Eng- 
lish process known as Ransome^s. — Scientific American. 

A NEW CEMENT. 

A late number of the *' London Engineer'^ announces a new 
cement of great value, which is introduced under the euphonious 
title, '* The zopissa iron cement,^' which, .it is claimed, is capable 
of joining any two solid substances, however dissimilar. Wood, 
brick, iron, stone, or glass, can be inseparably united with equal 
facility. A series of experiments, witnessed by the "Engineer," 
gave the following results : — 

Plates of glass were firmly joined, edge to edge; ordinary 
bottles stuck upon the wall resisted all attempts at separation, till 
the stone yielded. Champagne bottles, cemented bottom to bot- 
tom, sustained a weight of 250 pounds. Two bricks remained 
joined under a tension of 325 pounds, till the brick itself frac- 
tured, but the cement remained firm. Brick-work cemented with 
this has the solidity of a granite slab. 

With paper treated with this preparation in solution, the in- 
ventor has made air and water-tight tubes, ammunition cases, 
cof&ns, and even constructed a house, one story and a half in 
height, perfectly wind and water tight, which ne has now on 
exhibition. 

Of the constitution of this cement, or the expense of manufac- 
turing it, the '* Engineer" makes no intimation. 

HABB HYDRAULIC CEMENT. 

The following receipt is given for a cement, which, it is said, has 
been used with great success in covering terraces^ \iv!^\i^ \^<ds»&.^^ 
solderinop stones, etc., and everywhere te^\«k >i2DLe 1c^\x^dQL^\^ "^^ 
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pififi in ^ miMuu^ ri pi;ii<i«»r. '2U( ^Hty anc i» •» be covered 

^vtaMttAift, 'Xik^rvitti^ :a«i lil w-vimi ilfier isumaziL she iM»dj mad 
fn^nmt tkut ma»me, irvoL ^et^arn:^ raitt -te:9ir<i«i kir^eaBw When 
M U ^i>!iutiA ^n^ % jo^rs^ «ir£M*tt« is j«Hiii!Giiifl» hnnirBi to hare 
iB».w« ki JEr vluck BEUC bi^ iiitHi no viEk :k i^ircab ^jBisticjr of tbe 
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At tl^ imetms of tiK P!ir» AraA^my t>f ^e 4tk of December, 
1M^« H« ^ C'uunt IKml^ sdowiid toaik iiisiiSiiie;3a« kefit fo^some 
w^Hu Is pore water, Kal«e*i op s> diat that jlr is exeiaded, 00m- 
MiMnt WHt water, aikd f«>nm a kini aad ci^opocu crrstalliiie, 
IfSMMhiomt iobctaiice, crxLHadn^ '.Hf ma^nest «^JS, water 31.7, or 
It ftimple bjdfate ^^ ma^nestt. 'He ha^ nude copies of ■'^^^h. 
hktf wptt^ fA places* fr^iD nki^ea^ this bardened mfler water. 
lMsar^'% ma^oena, calcined at a n^ beat, he says, has liTdrmidic 
ttualitie^ wbMii are manifirrated with a rapidicr that is admirable, 
Wftii^f when f:2^fnQf:d at a white heat, this property is almost en- 
tirely Urfft, A mixtare of powdered chalk, or marble and magne- 
$i» in e^iual parU, famishes with water a paste which is slightly 
pbMlk;, liat which, after being some time in water, affords prod- 
1M?U of very great sr^lidit^ ; and he proposes to make basts of arti- 
fulfil maritie from the mixtore. Plaster mixed with the magne- 
irf* dirnininhen the hrdraalic properties. On calcining dolomites 
rUtU in magnenia, the same rale as to hydraolic properties is re- 
mnrkcA in regard to temperature, the higher the heat the less the 
liydraiilii; properties. He thus believes that this sabstance, now 
§0 <;hoaply and abundantly famished by M. Balard^s processes, 
will iUfttM into extensive use in subaqueoas stroctores. — La 
MtmtUM, Dm. 7, 1865. 

A iwnn^uif capable of uniting into a solid mass stones, pebbles, 
it(\»^mi M to fomi artificial puuoiDgHStone, conglomerates, &c., of 
nxiriionllnary Mtrength and tenacity, impervious to moisture, and 
(tdpftblff of tuftng moulded into statues, bas Tcliefs, &c., may be 
tniulH by flnoly triturating iron sponge, and mixing it with sand 
wlthfh liiM boon moiMteneu with slightly acidulated water. The 
Iron \n oxldlxitd at the oxpcnse of the water, and the silex forms 
with Umi oxldo Nili<;ato of iron, which possesses a very great 
titfiiMtliyf ntid \n not affected by atmospheric changes, nor even by 
lM*ld or aikallno liquids at a boiling temperature. — InieUedwd 
Qbmm, Feb., IHOG. 

(JKMKNT WITH A GYPSUH BASIS. 

• |iliM«ttir I0 llmt l)urno<l in the usual way, in an appropriate 
"1 tu drlVfi off the wator; after this it is broken into sma^ 
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fragments, which are immersed in a solution of alkaline silicate, 
containing an alkaline carbonate. The solution which answers 
best is composed of silicate of potash, containing a sufficient 
number of equivalents of carbonate of potash to avoid the pre- 
cipitation of the silica, in the following proportions : 0.880 kilog. 
(1.94 lbs.) of silicate of potash contaming 0.255 kilog. (.56 lb.) 
of carbonate of potash, in 4.54 litres (a gallon) of water, a 
solution having a specific gravity of 1,200, but which may vary 
according to the use for which the cement is intended. As, ifor 
example, it can be employed of the strength above indicated in a 
great many cases where the best quality is required ; and, if an 
ordinaiT cement is only necessary, it can be diluted with two 
parts of water to one of the solution. If a cement be required 
to harden slowly, sulphate of potash may be added to the car- 
bonate, so that the indurating action of the silica upon the plaster 
may thus be varied at pleasure^ After having left the plaster 
steeped in tiiie solution for twenty-four hours or so, it is taken out 
and left to drain in a compact mass, in order that the diflfusion of 
the solution through the plaster may take place more effectually ; 
the cement is then taken back to the furnace, and reheated to 
150° or 250° C. (302° to 482° Fahr.) to drive off all the water, 
after which it is ground to powder, and can be colored to any 
desired hue by mixing with a pigment. — London Builder^ No. 
1210. 

NEW MOBTAB. 

The mortar used by the Romans has, in the course of ages, set 
so strongly as to be equal in hardness to the stones it was used to 
cement, and its analysis shows that this is due to the abundant 
formation of silicate of lime throughout the mass. Modern mor- 
tar, on the contrary, usually hardens slowly, cracks while harden- 
ing, has but little adhesion, and its useful effect is simply as a bed 
for the proper support of the stone or brick upon its whole 
suiface, and the consequent distribution of the pressures propeHy 
over the sustaining masses. Analysis shows little or no formation 
of silicates, and the carbonate of the quicklime (for it absorbs 
carbonic acid itself very slowly) is soluble in the rain to which 
it is exposed, and rapidly dissolves out. Dr. Artus proposes a 
method of preparation by which the process of silication is much 
favored ; by which, it is said, a mortar may be prepared which 
becomes as hard as cement, does not crack in setting, and may be 
used as a hydraulic cement under water. This process is as 
follows : Take ^ood slacked lime and mix it with the utmost care 
with finely sifted sand ; mix the sand thus prepared with finely 
powdered quicklime, and stir the mixture thoroughly ; during the 
process the mass heats, and may then be employed as mortar. 
Of course, the mixture must be made just as it is to be used. 
One part of good slacked lune was mixed with three parts of 
sand, and to this was added three-fourths of its weight of finely 
powdered quicklime. The mortar thus made was used in a 
foundation wall, and in four days had become so hard that a piece 
of sharp iron would not attack it. In two moiith& \\> Vi^ \ysii^Q\fift 
as hard as the stones o£ the wall. 
4* 
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It might be worth while to try this for laying the bricks of our 
chimneys, which are so rapidly destroyed and it^ndered dangeroos 
by the gases from burning anthracite. — Journal of the Fremkim 
Jfutitute, July, 1866. 

8. P. BUGGLES'S DTNAHOHETEB. 

At the meeting of the American Academy of Arts and Sciences, 
held January 9, 1866, Prof. Charles W. Eliot exhibited and 
described a new kind of dynamometer, invented by Mr. S. F. 
Bugf^les of Boston : 

** This new and admirable invention accomplishes two objects; 
first, it measures the exact amount of power which is being 
consumed m driving a single . machine, or any number of ma- 
chines, at any instant of time, indicating every change in the force 
required, as the work done by the machines varies from instant to 
instant ; secondly, the apparatus adds up and registers the total 
amount of power which has been used by any machine, or set of 
machines, during a day, a week, a month, or anv desired time. 
The apparatus may be thus described. The pulley from which 
the power is taken, is attached to the shaft by the intervention ^ 
a spiral spring. One end of this spring is secured to the shaft, 
ana the other end to the hub of the pulley. The lateral motion 
of the pulley upon the shaft is prevented by a collar on either 
side of the pulley. On the inside of the hub is cut a screw of 
about three-inch pitch, that is, a screw which makes a complete 
turn within a distance of about three inches measured on the axis 
of the hub. A rectangular slot is cut out of that part of the shaft 
which lies within the hub of the pulley, and in this slot slips back- 
wards or forwards a piece of metal which precisely fits the slot. 
From each side of this small piece of metal, there projects beyond 
the surface of the shaft a small portion of the male screw which 
exactly fits into the screw cut in the interior of the hub of the 
pulley. If there be no resistance at all to the motion of the pul- 
ley, shaft, spring, and pulley will all start together, and revolve 
together. But if a resistance be offered to the motion of the 
pulley, the shaft, and with it the piece of metal which slips in the 
slot, will start first, and the pulley will move only when the strain 
caused by the twisting of the spring is sufficient to overcome the 
resistance applied to the circumference of the pulley. But if the 
piece of metid in the slot begins to turn while the hub of the pul- 
ley is stationary, the piece must move laterally within the slot, 
being forced by the screw. If the pulley starts a quarter of a turn 
later than the shaft, the piece will move laterally three-quarters 
of an inch ; if the pulley starts a half a turn later than the shaft, 
the piece will move laterally an inch and a half. The lateral 
motion of the piece in the slot is proportional to the retardation 
of the pulley, and this retardation is proportional to the strain 
upon the belt which passes over the pulley, and conveys the power 
^'^ be used. To the movable piece in the slot is connected a smaU 
d rod, which runs out through the centre of the main shaft 
|HX>jects some little distance beyond it. On the end of this 
9 a circnlaT rack of teeth, in which pV&^a tti^Vnioi^ ^XL^b^oAA 
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shaft is a hand movuig over a dial-plate. By applying strains, 
measured by stanfiard scales, to the belt which passes over the 
pulley, — as a strain of ten pounds, fifty pounds, one hundred 
pounds, — it is easy to graduate the dial-plate into pounds, so that 
the number of pounds of strain upon the belt may be read off at 
any instant by a mere inspection of the dial. The mode of oper- 
ation of this part of the apparatus is then as follows : When no 
power is being conveyed from the pulley, shaft and pulley start 
simultaneously ; there is no lateral motion of the piece within the 
slot and its connected rod, and the hand on the dial points to zero. 
But the moment that power begins to be expended in driving the 
machinery, the strain upon the belt will be first felt by the spiinff 
which connects the pulley to the main shaft, and the spring wiu 
yield in proportion to the strain ; the effect is to let the shaft make 
a small part of a revolution in the hub of the pulley before the 
pulley begins to turn and keep pace with the shaft ; the rod within 
the end of the shaft is thus drawn in a little, the hand moves over 
the dial-plate, and points to the exact number of pounds of power 
which the belt is conveying from the pulley at the instant of 
observation. 

The registering of the total amount of power delivered from 
the pulley is effected by means of two small belts running over 
the round rod, which projects beyond the end of the main shaft 
and carries the index-hand above described. These two small 
belts communicate the motion of the shaft to two parallel and 
equal wheels, one of which bears a dial-plate, and the other an 
index-hand which moves over the dial-plate. When there is no 
strain upon the main belt going over the pulley, the two wheels 
revolve at the same rate, neither gaining upon the other, and 
the hand remains constantly over the same figure on the dial- 
plate ; but when a strain is put upon the belt, and the round rod 
moves laterally, as above described, the lateral motion brings a 
conical enlargement of the rod under the little belt which moves 
the wheel bearing the dial. The dial-wheel now goes faster than 
the wheel carrying the hand, and begins to count up the power 
used. The greater the lateral motion of the rod, or, in other 
words, the greater the power transmitted to the working-ma- 
chines, the larger the diameter of the cone which comes under 
the belt of the dial- wheel, and the greater the gain of the dial 
upon the hand. The wheels of both dial and hand are constantly 
revolving in the direction opposite to that of the motion of the 
hands oi a watch. The belt of the hand-wheel runs always upon 
the rod where its diameter is constant, and as the rod moves later- 
ally under the little belts, guides are necessary to keep the belts 
themselves from moving laterally also. The proportions of the 
cones on the rod and of the two wheels which carry the dial and 
the hand, can be so adjusted as to make a difference of one com- 
plete revolution between the motions of the hands and of the dial, 
indicating a delivery of ten thousand foot-pounds, or of ten million, 
or of any other convenient number, and by a system of geaxvw^ 
analogous to that used in gas-metres, avij d^s^e^ wcsvqxsss^- ^ 
power could be consecutively registered. It \& o>Q»s\o\x&\}Qa 
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registering apparatus takes account of both the strain aod the 
speed, while the simple index first described measures only the 
strain. 

This instrament is at once elegant in desi^, simple and there- 
fore cheap in its construction, easily verified and proved at any 
moment when in operation, and of yery*casy appHcation to any 
machine, or set of machines, driven by hired power, whether the 
power used be constant or variable in amount. The inBtroment 
admits of a great variety of forms ; the one described above is 
meant for the end of a shaft ; another form is so arranged as to 
be attached at any part of a running shaft, while in the propor- 
tions and dimensions of the several parts there would be the same 
variety as in common scales, which are large or small, coarse or 
fine, according as they are meant to weigh coal or pUls, hay or 
coin. The instrument meets a pressing want. Tea and sugar 
are sold by the pound, gas by the thousand feet, cloth by the jnud, 
but steam-power and steam and air engines are sold by guess- 
work, or by rough and uncertain rules, on whose applica^on 
buyer and seller can seldom aCTce. 

Hereafter steam-power can be sold by the thousand or million 
foot-pounds. 

Mr. Ruggles does not patent his valuable invention. 

BUGGLES'S SHAFT-<X)UPLING. 

There are some mechanical powers, which, because of not being 
of universal or general application, are seldom used and recog- 
nized, but which are of a most important and valuable character. 
Such is the differential screw, which is rarely used, but which, in 
certain instances, is the strongest grip known in mechanics. This 
has been applied in the above improvement very effectively. 

It is a differential screw-bolt having two threads, that on the 
upper portion bein^ ten to the inch, and that on the lower part 
nine to the inch. The head of the bolt is six-sided, and is flush 
with the surface of the box. It is seated in a circular recess, 
which is large enough to receive on the end a cylindrical or 
socket-wrench. Threads corresponding with those on the two 
portions of the bolt are tapped in the boxes made to fit the shaft. 

The above is sufficient to explain to any practical man the 
operation of this device. It will readily be seen that a few turns 
of the screw will be sufficient to clamp the shaft-ends in a grip, 
the power of which is limited only by the strength of the mate- 
rial. Two steady.pins are inserted in the shaft, and project into 
holes drilled into the coupling-boxes, to provide against negli- 
gence in setting up the screw, thereby allowing the shaft to torn. 

This is evidently a valuable and efficient coupling. It presents 
no nuts or bolt-heads to catch belts or clothing, obviates die neces- 
sity of keys and splining, cannot get out of order, and presents a 
n<^t appearance, when turned and polished looking nearly like 

t enlargement of the shaft. 

This invention was patented April 24, 1866, by S. P. Rogglet, 
ton, M&aa. — Bcientific American. 
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WICEERSHAITS NAIL MACHINE. 

Before the year 1807, nail-making was a very slow and labori« 
ous process, each nail bein^ cut from the bar by shears, and then 
screwed into a vice where me head was struck on by a hammer. 

About this time, Mr. Jesse Reed, of Massachusetts, invented a 
machine by which the cutting and heading of the nails were 

?erformed by one continuous operation in the same machine, 
'his Reed Machine, though it cut but one nail at a time, has, with 
but slight alteration, been the only nail-machine in use up to the 
present date. 

By a reasonable estimate, Mr. Reed, by his machine, reduced 
the cost of cutting and heading nails to one-tenth that of the 
process used before his invention, and those who availed them* 
selves of rights under his patent have thereby realized large 
fortunes. 

The machine now brought to public notice by Mr. William 
Wickersham cuts the nail with head ready formed at less than 
one-tenth of the cost by the machines now in use, and at the 
same time it produces a nail which, from being pointed like a 
chisel, and gradually tapered its whole length, is much better for 
use, being more easily driven and holding much more firmly, as 
it breaks the grain of the wood so little that it clings tightly and 
firmly ^e whole length of the nail. 

The universal plan has hitherto been to make the plate from 
which the nails are cut wide enough for the length of the nail, 
and then commence cutting from one end, and continuing the 
operation until it is all cut into nails, the machine cutting only 
one at a time. 

In the Wickersham Machine a sheet of metal from 20 to 25 
inches square is placed, and a series of nails cut from its edge at 
each stroke of the knives. To do this, there are two series of 
cutters, viz., bed and moving cutters, so arranged that by shifting 
the nail-sheet laterally the distance equal to the length of two 
nails, each time a series of nails is cut, the nails being alternately 
reversed as to heads and points. The motions of the machine 
are reduced to their greatest simplicity, there being only three 
motions, viz., the crank-motion of the cutter jaw, the cam-motion 
for shifting the nail-plate, and the feed-motion which moves the 
nail-sheet towards the cutters each time it is shifted and a series 
of nails cut. 

In cutting half-inch patent brads or shoe-nails from a twenty- 
inch plate, there is a series of 40 nails cut at each stroke, of the 
knives, or 160 per second, the machine driving the knives four 
times per second ; of patent brads from three-eiffhths to two 
inches long, and shoe-nails of all sizes, one machine will cut 
8,600 lbs. per day. Of the larger size nails, sav six to twelve- 
penny nails, one machine will cut 6,000 lbs., and of ship-spikes, 
of one quarter to three-quarter lbs. each, one machine will cut 
26,000 lbs. per day of ten hours. 

From the best authority it appears that there are 3,000,000 keg;^ 
of nails made annually in the United St8AA^^\ ol >i2Dk&*«bfo ^^os^ir 
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tenths are finishing nails ; besides, there are 200 to 300 tons of 
shoe-nails, and about 1.500 tons of ship-spikes and nails made 
<^ yellow metal. 

ON THE UTILIZATION OF PEAT AS FUEL. 

An invention of considerable practical importance for the con- 
densing and moulding of peat for use as fuel, has recently been 
brought to public notice by Mr. T. H. Leavitt. In a pamphlet 
compiled by him, and published in Boston in 1866, the whole sub- 
ject of peat fuel is thoroughly treated, showing its economy as a 
substitute for wood and coal, especially where fuel is required in 
large quantities. 

The discoveries of the more important uses of peat are recent, 
though its use, in an imperfectly prepared form, has for a long 
time oeen known in various parts of Europe and in this country. 
It is found to contain a rich supply of the carboniferous oil of 
which our common illuminating gas is made, and is pronounced 
equal in that respect, pound for pound, to gas coal. It also pro- 
duces i't>sin and some paraffin. Its analysis shows but five per 
cent, of ashes, and 55 of carbon. 

The experiments made last year on some of the I'ailroads in 
Gre9.t Britain prove very conclusively that peat can be advan- 
tageously substituted for coal on the locomotive. That it is also 
actually equal, if not reallv superior, to the best charcoal itself 
for smelting iron ore and for puddling iron, has been demon- 
strated with equal certainty. The iron thus produced is tougher, 
finer, more malleable, freer from fiaws, than any other. By this 
use of peat, iron from English mines of admitted inferiority to 
the famous Old Hill mine in Salisbury, Connecticut, and the 
equally celebrated Swedish charcoal iron, has been produced of a 
quality equal to either. 

In all cases where it has been properly prepared, it is found to 
bum equally well in a coal-stove, wood-stove, or fire-place, and to 
make a very pleasant fire, with more fiame than coal makes ; and 
it leaves no cinders. Its freedom from sulphur renders it far less 
destructive than anthracite coal to the iron bars of the grate. A 
stove lasts much longer with peat. This freedom from sulphur, a 
point of the fii'st importance in the selection of fuel for the reduc- 
tion of iron ores, is also a weighty consideration with the railroad 
men, whose experiences with the destructible action of anthracite 
on their engines have made them shy of that fuel. 

It comes in good time. Coal has been unreasonablv expen- 
sive ; And a good article of peat, that can be used in the stove, 
the grate, the old ''fire-place,^' or under a steam boiler, at prices 
far below those for coal, after making every allowance for the rel- 
ative capacity of the two articles, will be likely to be generally 
used. Peat keeps a live coal till all is consumed, and is said to m 
superior for pooking. Its importance in mechanic arts is likely to 
be extensive. It tdready finds favor for the process of melting 
'~ld ; it is pronounced a success in working steel ; while its use 
annealing is proved by the superiority of the wire made by 

iusc^jpeat. 
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The paper read last year before the British Association by Civil 
Engineer Clark, of London, contains important facts relative to 
peat. A large establishment is engaged m making it in England, 
and its trial on two of the British railways proved that it main- 
tained a higher and better head of steam than coal did, that better 
time was made, and that, pound for pound, it was a saving both 
of time and money to use peat in locomotives. 

The machine of which we have spoken may be worked hj 
steam or other power. It receives the crude peat just as it is 
taken from the bog, condenses it, and in a very few minutes de- 
livers it in the form of bricks, which may then be exposed in the 
open air or under shelter, to dry or cure. 

There are vast beds of peat in New England and New York, 
and it behooves our farmers to avail themselves of it, and thus, 
while turning "unprofitable" land to account, preserve their 
forests, which are now rapidly used up for fuel, till better uses caii 
be found for them. 

mPBOYED MACHINEBY FOB WOBEING GOLD Ain> SILYEB OBES. 

Messrs. Whelpley and Storer, of the Boston Milling and Manu- 
facturing Company, have introduced machinery for the pulveriza- 
tion of gold and silver ores, in which mechanical principles are 
applied that have never before been employed for such a purpose. 

The ores are broken, in the first instance, by the rapid 
movement of a circular iron table, a mass of metal Si feet in 
diameter, weighing 800 pounds, making 1,025 turns per minute. 
The table itself forms the bottom of a cast-iron tub, 18 inches 
in depth, of which the sides are grated, or perforated with small 
openings. The entire structure, except the upright shafts upon 
which the table revolves, is of cast-iron, the wearing parts 
being of what is called Franklinite iron, which is so hard that 
it cuts glass. The upper surface of the whirling-table, or bot- 
tom of the tub, is furnished near its circumference with several 
blocks, called cutting or splintering blocks, also of Franklinite. 

The material to be broken, being fed into the tub through the 
hopper, drops until its lowest point receives a shivering blow 
from the upper edge of the rapidly-revolving blocks, by which it 
is constanuy thrown upward and outward against the sides of the 
cylinder, being reflected back upon the blades until it is sufficiently 
comminuted to pass through the perforations into the surrounding 
box or chamber. 

The weight of the table, with its case, shaft, frame, cutters, 
etc., complete, and packed ready for transportation, is about 
3,600 pounds. 

An averas^ of twelve-horse power is allowed, in practice, for 
the full won: of a whirling-table. 

The whirling-table is more rapid in its action than any other 
machinery for cutting or breaking. It is capable of reducing 
more than 200 tons of ordinary quartz, in pieces from three or 
four inches in diameter, to coarse gravel size, in twenty-four 
hours. It has redueed eighteen tons of quarts isvU> ^c^^«\siq\^ 
hour, throng three-quarter-inch holea. 
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The broken fragments are swept through the holes or grating 
of the tub the instant they are produced, by the immediate action 
of the advancing faces of the cutting blades. Thus it happens 
that no part of the work of reduction is performed by the sides of 
the tub, but solely by the blades. The table is made strong 
enough to bear 1,500 revolutions per minute, without rapture; 
but any speed above 1,02/) turns per minute is wasteful of steam 
power, and does not much increase the yield. 

In general, the higher the velocity of the whirling-table, the 
less it wears, according to the amount of work done. 

The whirling-table is intended to reduce ores, from a diameter 
from three to six inches, to the condition of mixed sand and small 
gravel, chiefly the latter, with a small per centa^e of dust. 

The pulverizer is constructed solely for the pmverization or re- 
duction to dust of sand, gravel, or the small work of stamping 
machines, and cannot be used itself as a crusher or breaker. U 
consists of four parts or elements, all of which are necessary to 
its use. The first is an automatic feeding-mill, which furnishes a 
regular and constant supply of the material to be pulverized. 

The second element is an iron drum or cylinder, containing an 
air-wheel, which converts the sand or ^avel into dust by the 
action •of rotary cuiTcnts of air, createa by the wheel. No air 
enters or esc^mes from this cylinder, unless by the aid of other 
machinery. The material can be retained in the cylinder until 
it is completely reduced. 

The third element is a fan-blower, — placed near, or at a con- 
siderable distance from, the pulverizing cylinder, — by which the 
dust is drawn from the latter as fast as it is generated. The 
gravel, sand, auriferous earth, or other material, is pulverized in 
the first cylinder by the action of currents of air generated by 
the air-wheel ; the oust is then drawn out, in company with air, 
by the exhaustive force of the fan-blower. The fouiiii element is 
a chamber, or series of chambers, to receive and collect Uie dust 
generated by the pulverizer. The dust-chambers are variously 
constructed to suit the nature of the material which is to be re- 
duced, and are adapted either for dry or wet grinding, as may be 
required. A single pulverizer, applied to the reduction of gold 
ores, accomplishes with a smaller consumption of steam or water 
power, the work of forty stamps, and the quality of the work pro- 
duced is beyond all comparison finer. In a pulverizer theoreti- 
cally perfect, the principle of its working is the movement of one 
particle on another, or mutual attrition, promoted by vortices of 
air. 

Three pulverizers will give the work, in quantity, of ninety 
stamps ; and the quality of this work will be so much superior 
that the miner may safely estimate his profits at twenty dollars 
per ton, instead of ten dollars, from quartz assaying thirty dollars. 

In ordinary practice, but one element of an ore — that of most 
minent value — is sought for; the other elements being re- 
ed in slaes or escaping in fumes from the furnaces. Refer- 
I may be had to the loss of iron and sulphur from copper ores: 
lOM of copper, iron, and sulphur in working nickel ores and 
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most of the gold ores of Colorado, California, etc. ; and the loss 
of silver in working many of the copper and lead ores. Besides 
these are many ores that cannot be worked by any of the present 
methods ; or, at least, only where labor and fnel cost but little. 
Of these are the low-graae copper ores, with which our country 
abounds ; the mixed ores of galena and blende ; of nickel, copper, 
and cobalt ; and of galena and silver. 

To work an ore properly, every useful element should, if pos- 
sible, be converted into a saleable commodi^ ; and the expense 
of working the ore should be paid by the sale of those parts that 
are now rejected as refuse. 

The first step in our system is to reduce the ore to an impal- 
l^able powder. 

For this purpose we have designed the breaker or whirling- 
table, for splintering the ores by percussion, and the pulverizer 
for reducing them to dust. 

It will not be questioned that an ore in the state of powder is 
in the best condition- to be acted upon by chemical reagents. 
Having, then, accomplished this first step, the next is the use of 
the water furnace, which consists of a hollow tower or upright 
flue of masonry, in the form of a truncated cone, and a horizontal 
flue starting from its base. The bottom of the tower and flue is 
formed by a water-trough, in which is a horizontal shait, furnished 
with paddles, which is made to revolve to keep the burned ore in 
motion, that it may be thoroughly lixiviated. Around the head 
of the tower are foiu: fire-boxes, together forming a cross with a 
voided circular centre. 

Their tops are arched so as to form a flue inclining downward, 
to approach the tower-head. Besting upon the tops of these 
arches is a dome, which has a central openmg, through which the 
ores and reagents are fed into the fninace. At the extreme 'end 
of the horizontal flue is a draft and spray-wheel revolving in a 
chamber. A wooden flue or conductor leads from this to a second 
wheel of the same character. We flll the trough with water, 
kindle the fires, and set the draft and spray-wheels in motion. 
The action of the wheels draws the converging flames from the 
fli'e-boxes down the tower. These flames extend down but a 
short distance, depending upon the kind of fuel used, and but 
slowly heat the tower ; resort is therefore had to the use of pul- 
verized fuel, in order to obtain the desired heat. There are two 
fan-blowers ; one to supply air, the other to force powders of any 
kind into the head of the furnace. 

These blowers are now put in motion, the second one forcing 
pulverized tan bark, or coal of any kind, into the flames pro- 
ceeding from the fire-boxes. 

The minute particles of pulverized fuel, each surrounded by 
its atmosphere of oxygen, i^ite with intense combustion. Both 
equivalents of heat are applied at the point of work. By this 
method, in the furnace we have now in operation, fifty pounds of 
charcoal will create an intensely hot flame twenty feet long and 
three feet in diameter, and lastmff an hour. 

The walls of the tower now raSiiato an rnV^u^^ YL^sd^b *yk^«£^<» 
6 
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which Is, of coarse, greatest at the point of the intersection of the 
rays, which is the centre of the tower. 

If the ore to be worked ie a sulphide of copper or iron, for ex- 
ample, containing sulphur sufficient for its own complete oombos- 
tion, the supply of pulveiized fuel is now cut off, and the pnlver^ 
ised ore fed into the furnace by the second fan-blower, flailing 
into the focus of radiation, with a sufficient supply of oxys^n from 
the fan-blower, the oxidation of each element of the ore is almost 
instantaneous. 

Most of the ore faUs at a bright red or white heat into the water 
of the tank. 

Many ores furnish their own fuel in the sulphur they contain. 

When ores containing but little sulphur are to be burned, tiie 
supply of pulverized fuel must be constant. 

In working ores containing copper, this metal is found in solu- 
tion with some iron, as a soluble salt, the nature of which will be 
according to the character of the bath. 

We have introduced impoitant economies over the ordinary 
methods of separating the two metals, and obtaining^ the precip- 
itates. The separation and refining of the metal is effected in the 
solution. 

In workinr the mixed ore of sulphides of lead and zino, the 
lead is found as a sulphate in the bottom of the water-tank, and 
the zinc as sulphate in solution. 

Not the least interesting features in our system are the applica- 
tion of the pulverized fuel and its economies. There is not only 
a large economy of heating force, but other consequences which 
are found to be valuable. 

It is a fair estimate, that, in working copper ores, this method 
requires not more than one-eighth as much fuel as is required by • 
the Bo-called £n^lish or Grerman methods. 

The effect of the spray-wheel, which should perhaps be called a 
water-pulverizer, in wetting down or condensing dust and fumes 
that would otherwise escape, should not be overlooked. The 
general use of it will convert many losses into profits, — the 
losses made in the ordinary methods of working copper, zinc, 
and antimony ores for instance, — and by it many serious nuisances 
will be abated. 

HOESE-rOWEB. 

Horse-power is a unit of force introduced by Watt, to enable 

him to determine what size of engine to send to his customers, to 

supersede the number of horses which the new power ('steam) 

was to replace. He ascertained, at a London brewery, Uiat the 

average force exerted by the strongest horse was sufficient to 

raise 33,000 pounds one foot high in a minute ; thus, an engine 

^of 200 horse-power would be a force equal to that of 200 horses, 

each lifting 33,000 pounds one foot high per minute. Watt had 

two methods of estimating and comparing his engines, viz., by 

the power, and by the duty. By the power is meant the quantity 

^ork which an engine can effect in a given time ; by tne duty 

lant the quantity of work which it can effect by a given ex- 

iteve of imeL Now, it is evident that, without a^y chauige in 
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tiie size of an en^e, bnt siinplj by increasing the pressure of the 
steam, the power of an engine may be greatly increased ; that is, 
the load remaining constant, the speed of the piston may be in« 
creased, the number of strokes may be increased, and consequent* 
ly the work done per minnte will be increased also. Hence it k 
difficult to apply a limit to the power obtainable firom the small€it 
cylinder, provided tiie boiler be large enough to evaporate the 
increased quantity of water, and strong enough to resist the 
increased bursting pressure. In fact, no size ofcylinder can be 
reckoned as having a particular power, since the power depends 
not on size but on strength. Nevertheless, in modem engineering, 
the term horse-power refers rather to the size of the cylmder than 
to the power exerted ; and the value of this unit has undergone 
many dumges, so that in a modem engine a horse-power may 
imply 52, or 60, or 66,000 pounds, one foot high, per minute. 

The plan now adopted for ascertaining the performances of dif- 
ferent engines, is by an instrument called an indicator. This ooor- 
sists of a small cylinder, fitted with a piston, which is pressed 
down by a spring. By the height to which this piston rises 
against the spring the steam pressure within ^e cylinder is in€^ 
cated ; and the number of pounds pressure on the square inch, 
multiplied into the number of square inches in the area of the 
cylinder, and by the niunber of feet travelled through by the 
piston per minute, gives the impelling power; deduct, in large 
engines, about one-tenth for friction, and the remainder is the effi- 
cient moving power, which, divided by 33,000, gives the actual 
horse-power. 

ADYAITTAGES OF SUPERHEATED STEAX. 

Mr. H. W. Bulkley of New York makes the following com- 
munication in the *' tfoumal of the Franklin Institute" for 'Octo- 
ber, 1866. " Superheated ^ steam, or steam which has received 
an increase of temperature without increase of weight, by the 
direct application of heat, has enemies who stoutly maintain ihat 
no benefit can be derived from the superheating, as the steam has 
its maximum efficiency as soon as generated. 

The fallacy of such statements is evident on reflection, and 
plainly shows that those advancing and upholding them have 
neither practical acquaintance with the subject, nor nave given it 
serious thought. It is clear that, as the greater part of the steam 
generated in boilers is obliged to pass through the water above it, 
on its way to the steam-pipe, it must unavoidably carry with it 
much water in the form of spray, mechanically combined, and held 
in suspension. When boilers " foam," this operation is greatly 
increased by unnatural causes, the delivery of spray becoming so 
great as to seriously inconvenience the engine, and endanger its 
safety, as well as that of the boiler. And, in boilers property con- 
structed and carefully operated, which may be supposed to work 
dry steam, much more water than is generally conceived is con- 
stantly carried over with the steam ; and this defect cannot be en- 
tirely remedied, even by the most judicious arrangement <i€ *• ^x:^ 
pipes/^ steam-drums, etc. What, theu, Y^e^iSkft^ q>1 »q^ Hi'^^Mt 
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mixed with the steam, and which has been heated at tlie expense 
of the fuel P It is evident that it is useless for power, and, as it 
has no latent heat, it is very unavailable for heating or drying 
purposes. It cannot act otherwise than as a ** cloff,^ causing 
more friction in the steam by its presence, inconvenieneing the 
operation of the engine, and tending to condense the steam with 
which it is associated. Now, by sujierheating this wet, saturated 
steam, it is converted into an elastic vapor, by the complete and 
instantaneous vaporization of its surplus moisture, while its tem- 
perature is raiscu sufficient to preserve it from premature con- 
densation in passing to the cylinder, or to the heating or drying 
coils. The volume and elasticity of the steam is thus increastS 
to a wonderful extent by a very moderate degree of superheat- 
ing, and its subsequent operation in the cylinSer is highlj satis- 
factory. But another advantage in the system should not be* 
oyerlooked, and that is the expansion of the steam as a gas, by 
the heat impaited to it after its surplus moisture has been evap- 
orated. Although the greatest gain must ensue from the addition 
of the first few degrees (say fifty) of heat, when the expansion of 
the steam from its previous saturated condition is very great, yet 
the highest authorities agree, that, after it is thorouglily dried, tiie 
steam follows the laws of gases', and its volume may be doubled 
by the addition of 480 degrees of heat. It is a fact proved by 
most accurate experiments, that the higher the degree of super- 
heating, the greater is the economy ; and if steam could be used 
at a temperature of 1,000 degrees, its efficiency would be very 
largely increased. Inasmuch as it is not practicable or conven- 
ient with engines, as at present constructed, to use steam at such 
extreme temperatures, we are unable to realize the greatest econ- 
omy of superheating ; but, if ordinary steam of 50 pounds pressure, 
at a temperature of 301 degrees, be superheated to 400, the addi- 
tion of this 99 degrees of heat will augment its volume (or pres- 
surjB) more than 20 per cent., and will not render it at all injuri- 
ous to the lubrication or pacldng. Where this superheating is 
effected by the waste products of combustion, the increase re- 
ferred to IS all clear gain ; but when acquired, as is frequently 
done for convenience, at the expense of the fuel, a simple calcu- 
lation shows that even then the economy from the expansion as a 
gas is from 10 to 15 per cent., independent from that realized in 
me vaporization of its surplus moisture, and which is as much 
more. Saturated steam cannot part with any of its heat without 
becoming condensed ; and this loss, by premature condensation, 
is often a very large percentage of the total amount of steam 
used. In every unit of the steam thus condensed, there are lost 
1,000 units of heat, which have been supplied by the fuel, but 
have not been utilized. Superheated steam, under the same cir- 
cumstances, might lose all of its surplus heat, but would still exist 
as steam. 

In England, where the practical advantages of superheated 

steam are more thoroughly understood and generally acknowl- 

"^d, its employment is common, and is attended with the most 

Gtotory and economical results. The steamers of the ** Penin- 
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solar and Oriental Steam Navigation Company" have used snpep- 
heated steam for many years, and its Directors certify Uiat it nas 
saved them many tliousand tons of coal. In this country, the 
steamers of the "Bay Line," running between Baltimore and For- 
tress Munroe, employed superheated steam with an economy of 
30 per cent, in their fuel. The steam, which was superheatea by 
means of ^n arran^ment of tubes in the uptake, was maintained 
at a temperature of 400 degrees in tlie cylinder ; yet a subsequent 
inspection of its interior surface, after usin^ this steam for several 
months, showed it to be as smooth and polished as a mirror. The 
wiiter^s experience in the practical application of superiieated 
steam with stationary boilers has shown that where the steam 
was superiieated by the fuel about 100 degrees above the tem- 
perature due to its pressure (gi\ing a temperature of 400 
degrees in the cylinder(, the saving in feed-water, or steam, was 
nearly one-third, and the economy in fuel was one-quarter, 
showing that from ^ve to eight per cent, of the fuel was required 
for superheating the steam generated by tlie remainder, thereby 
increasing its efficiency nearly one-third. With this temperature 
maintained in the cylinder, by a judicious arrangement of the 
superiieating apparatus, the operation of the engine was highly 
satisfactory, no water being present to necessitate the opening of 
water-cocks, or bring undue strains upon the cylinder-heads or 
connections. It is hardly necessary to add that no appreciable 
action could be observed upon the lubricants, packing, or working 
surfaces of the engine. 

The full economy due to the use of steam expansively cannot 
be realized when it is employed in the saturated condition, owing 
to its partial condensation during expansion. As heat and power 
are correlative terms, steam cannot perform work without the 
diminution of a portion of its heat, besides that lost by radiation. 
This heat, corresponding to the work done, may be taken from 
superheated steam without destroying its efficiency ; for it lyill 
still remain in the cylinder, pure and ory, to the end of the stroke. 
It can be confidently asserted, that no steam engine is entitled to 
that name, if it employs a mixture of water and vapor instead of 
the genuine article. The objections sometimes advanced on the 
score of, •* want of durability" in superheating apparatuses may 
be entirely removed by the exercise of a proper care in their 
construction and application, and by the allowance of a liberal 
amount of heating surface ; so that it is not necessary to subject 
the superheaters to an undue degree of heat, which would natu- ' 
rally tend to their destruction. These paiticulai*s faithfully com- 
plied with, it will be found that no tangible objections can be 
opposed to the employment of modci*ately superheated steam ; 
and, when such, economical results obtain from its use, it seems 
unaccountable that it is not more generally appreciated, and that 
the manufacturing public still adhere to the old saturated article, 
wasting by it both their time and money. The practical advan- 
tages attending the use of superheated steam, either when used 
as power, or for heating and drying purposes, are immense ; and 
it is to be hox)ed that, with the morea&od ^laSLxisioYi o1 ^u^^^X^*^^ 

6* 
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the old prejudices against it may be removed, whfle its true 
merits are openly and universally acknowledged. 

HOLLOW STAY-BARS FOB STEAM-BOILERS. 

The safety often of many persons depends on the efficiency of 
the stav-bai*s of a steam-boiler ; but too often their importance is 
not sufficiently recognized, or they are weaker or less-fiumeroas 
than they should be, that a little additional profit may be made by 
the boiler-maker. A still greater source of danger exists when 
they have been used, but have become so corroded as to be prac- 
tically worthless ; which, from their position, is very likely to be 
tlie case, and without its being probable, or perhaps possible, to 
discover the change they have undergone. A very simple and 
effective way of making them proclaim their own mefficiency is 
now in use on tlie Northern Railway of France. They are made 
with a small bore from end to end, and thus when one of them 
gives way, or is seriously corroded, the steam or water escapes 
through m such a way as infallibly to attract attention. To pre- 
vent their being stopped up by dust', etc., their extremities, where 
not otherwise prot4)cted, are loosely closed with wood, etc., which 
is easily blown out by the escaping steam or water. From the 
smallness and position of the bore, which is exactly in the centre, 
the rod is scarcely at all weakened by it, but the necessary strength 
may bo secured by a very slight augmentation of its diiuneter. — 
IntdlechuU Obseroer, April, 1866. 

MONT CENTS RAILROAD. —CENTRE-RAIL SYSTEM. 

On account of the long time which must yet be consumed be- 
fore the Mont Cenis Tunnel is finished, — four and a half miles yet 
remainmg to be executed, — ^it is proposed to place a temporary 
track over the summit of the mountain. An experimental line of 
one and a fourth miles has been constinicted on the most difficult 

S>rtion of the route. By the report of Capt. Tyler, of the Royal 
n^neers, this distance is ascended in eight and a half minutes 
wi£ a load of sixteen tons, though the average ^rade b as steep 
as one in thirteen, and at a maximum of one m twelve. The 
plan adopted to obtain adhesion is an arrangement of horizontal 
drivers biting on a central rail. This plan, though regarded as 
new in Furope, was long ago patented and used in America. — 
Jawmal of the Franklin Institute, Nov,, 1865. 

A paper on tlie same subject was communicated to the British 
Association, in 1866, by Mr. J. B. Fell. After alluding to the 
various difficulties presented to the advance of railways by moon- 
tain ranges, and the efforts made to overcome them, it was stated 
that tiie use of the centre-rail was first thought of by Messrs. 
YimoUes and Ericsson, in 1830, and proposed to be applied to the 
inclines on tiie Manchester and Liverpool Railway ; but it was not 
put into operation. In ignorance of what was then done. Baron 
WBgidr, in France, the writer, and others, also applied their minds 

»^ lolation of the problem of constructing ra^ways over steep 
llaufeB. It was not till Mr. Bi*assey and the writer built a 
jn-nU engine* and laid down a length of line on that plan oa 
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the Cromford and High Peak Railway for experimental parposes» 
in 1863, that the system was put into practical operation, the 
expeiiments being entered into in order to satisfy the Italian Groy- 
emment as to the feasibility of laying down a line on a similar 
principle over one of the Alpine passes. The mean gradient of 
the first twenty-four miles of line, from St. Michael to Causleburg, 
is one in sixty, with a maximum gradient of one in twelve ; the 
other twenty-four miles, the mean is one in seventeen ; and over 
the whole length there are at intervals curves of two chains radius. 
The line rises to an elevation of seven thousand feet, and is ex- 
posed in places to avalanches and heavy snow-drifts ; but it will be 
suitably protected. The system of locomotion adopted was that 
of a third or traction rail, on which adhesion could be obtained by 
horizontal wheels, worked by the engine in coniunction with or 
independently of the ordinary driving-wheels, which admitted of 
the weight of the engine being reduced to a minimum, while the 
pressure upon the middle rail could be carried to any required 
amount, and gradients of one in twelve worked with as much 
certainty and safety as those of one in a hundred. The centre- 
rail also furnishes the means of applying most powerful brakes 
for controlling the descent of the trains, and greatly diminishes the 
frictional resistance in passing round sharp curves. Besides this, 
the centre-rail rendered it tdmost impossible for the train to leave 
the rails. The first experiments were tried in the Cromford and 
High Peak Railway from September, 1863, to February, 1864. 
The weight of the engine and load was from sixteen to seventeen 
tons. It never failed to take loads of from sixteen to twenty-four 
tons up gradients of one in twelve, or in working round curves 
of two and a half chains radius on that incline, the brakes having 
perfect control over the train on the ascent. Certain iinprove- 
ments suggested themselves, — the boiler-power was insufficient, 
the inner machinery too crowded and inaccessible, and the con- 
necting-rods, workmg at too great an angle, by an irregular, 
impulsive movement, diminishea the adhesion of the hoiizontal 
wheels. The improvements were made and further experiments 
conducted with special i*eference to the requirements of the Italian 
Government, which included three trains a day each way, the mail 
train to perform the journey at an average rate of twelve miles 
an hour, including stoppages, the speed up the steepest incline 
being seven and a half mUes an hour, while the gross weight of 
the train was to be sixteen tons. . The mixed and goods trains 
were to carry forty and forty-eight tons each, with two engines. 
The traffic on these ti*ains represented a return of £100,0^ an- 
nually. The writer describea the official trials in Italy in the 
presence of the representatives of the £nglish, Italian, Russian, 
and Austrian Governments, The result of the trials exceeded the 
estimate both as to speed and weight of the trains, and Captain 
Tyler, who represented the Board of Trade, reported •• that this 
scheme for crossing the Mont Cenis is, in my opinion, practica- 
ble, both mechanically and commercially, and that the passage of 
the mountain may thus be effected, not only with greater speed, 
certainty, and convenience, but also with g^«tet ^ai^Xs^^xoi.^^ 
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the present arrangements. . . . There is no difficulty in so i^ 
)>lying and securing that middle-rail, and making it virtually one 
continuous bar, as to preclude the possibility of accident from its 
weakness or from ttke failure of its fastening^ ; and the only ques^ 
tion to my mind is whether it would not be desii*able still further 
to extend its application to gradients less steep than one in twenty- 
four, with a view to greater security, especially on curved portions 
of the linc.^ Sinular favorable reports were quoted from the 
French Imperial Commissioner, while it was stated that those of 
the Italian, Russian, and Austrian Commissioners were equally 
favorable and conclusive. In November and December last, the 
French and Italian (rovemments granted concessions, suthonzm^ 
the railwav on the Imperial postal road over the Mont Cenis wit£ 
a width of about thiiteen £nglish feet ; and a company has since 
been formed to cany out the undertaking. The works were com- 
menced in March, and the line is expected to open in May next. 

Attention was directed at some length to the conditions essen- 
tial to the success of the system, the first of which was the em- 
ployment of different types of engine^, according to the heaviness 
of the gradients ; of each of which full descriptions were given, 
with the aid of colored diagrams. The carriages, as well as the 
engines, are each furnished with four horizontal wheels, which 
have flanges underlapping the centre-rail. These act both as 
euide and safety wheels, preventing the carriages from leaving 
uie rails, and, by guiding them round the curves, greatly dimin- 
ish the frictional. resistance and the tractive power required, 
thereby rendering it easy to reduce the weight of the engine to 
that which was necessary for producing and canying the power 
required for the traction of the train. The economy of weight 
has been effected by a simpler arrangement of the machinery, and 
by using an improved quality of material. For the makmg of 
mountain lines, which are exposed at certain seasons to an unfi^ 
vorable climate, from the effects of snow, frost, and fogs, it was 
desirable to devise some means of cleaning the surface of the railfl^ 
and for improving the state of adhesion as the tmins advanced, so 
as to dispense with the use of sand. This might be done at specKls 
from five to ten miles an hour ; ice and snow might be cleared off 
by cutters attached to the engine ; and, in seasons of mist, new 
machinery could be probably contrived for removing that almost 
imperceptible film of mist which diminishes the adhesion to nearly 
the same extent as ice. The adhesion was best in the winter, 
when the snow remained for months in a state of dry powder ; but 
the places where it accumulated were protected by covered ways, 
and the rails were always in good condition. 

He said that the centre-railway system was never intended to 
be worked on any except the steepest inclines, where no other 
engines could work. It would be only necessary to have a cov- 
ered way for fourteen kilometres, which would cost £40,000. One 
kilometi'e in the avalanche district, which was well known, wonld 
have to be protected by stone ; but the remainder would be pro- 
jected by wood, which was amply strong enough to resist tJie weight 
^from twenty to thirty feet of aceamxxiated snow. — Beader^ lSi6, 
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FNEUKATIG SAJLWAT. 

The Pneumatic Dispatch Cpmpany have snccessfully applied 
the priuciple of atmospheric pressure to the conveyance of letters 
and merchandise, and thus afforded an opportunity of showing 
that human beings may continue without inconvenience in a closed 
tube. This removal of an apparently insuperable objection to 
atmospheric propulsion is. verf important, since, with a pneu- 
matic railway, the danger of accident is reduced almost to nothmg. 
Collisions are impossiole ; and, as the train cannot get off the line, 
the greatest velocity is unattended with danger. . The view of 
external objects is excluded ; but this privation is little greater 
than that experienced on ordinary raihvays, wheie there are many 
cuttings, tmmels, and interposed objects. With an atmospheric 
railway, the expense of construction and maintenance are greatly 
diminished ; steep gradients and shai*p curves cease to be objec- 
tionable, since an ascent of one in fifteen, or a curve of eight 
chains radius, causes no inconvenience, and great facilities ai*e 
afforded by it for passing under rivers. 

The tubes of the Pneumatic Dispatch Company have been in 
operation for more than three years, in conveying parcels ; and the 
applicability of the system to carrying passengers has been amply 
demonstrated. The line of the Waterloo and Whitehall Railway 
is to cross the river just above Hunfferford Bridge. The tube is 
made in four sections of two hundred and thirty feet length each. 
The ends of these will be connected by being introduced into 
junction chambers formed in the biick piers on which they rest, 
the joint being made water-tight. These piers do not rise as high 
as the present river bottom, and a channel will be dredged across 
the river to receive the tubes, though the principal weight will be 
supported on the piers. One of the tubes is now completed at 
the ship-building yard of Messrs. Samuda, at Poplar, five miles 
below its intended situation. It is twelve feet nine inches in diam- 
eter inside, and is of three-quaiter-inch bpiler-plate, surrounded 
by four rings of brick-work, which is firmly held by cement and 
flanged rings riveted to the plates. Its weight, as it lies, is nearly 
one thousand tons. To convey it to its destination, the ends are 
to be closed by bulkheads, and then, having a buoyancy when 
in the water of about three hundred tons, it will be floatea up the 
river and brought into position over its piers. An inner ring of 
brick-work will then be built inside it, and just enough water 
admitted to sink it upon its foundation. The joints between the 
tubes and piers will then be made water-tight, and the bulkheads 
removed from the ends of the tubes. The four tubes will thus form a 
great sub-aqueous bridge of four spans of two hundred and twenty- 
one feet each, the tubes resting m a channel dredged across the 
bottom of the river, but being chiefly supported upon massive 
piers which do not rise even to the river bottom. The coffer-dam 
at the Whitehall end of the line is no less than fifty-three ieet 
deep. 

when the underground tunnel was finished froTSk "Rft^cfrft. \si 
Easton Station, a distance of two mWes, a tvaVck oi ^o^^^VOcl^sv 
aUendaat was sent through the whole distaucQ VEk^^^^xoivsix^XA^^. 
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It appears from recent experiments condncted by the London 
Pneumatic Company, that one hundred and twenty tons of goods 
can be sent through their eighteen miles of tubes every hour, at 
a cost less than one penny a ton per mUe. — InteOedual Observer 
and Scientific American. 

AERIAL LOOOMOnON. 

A pamphlet has lately been published on this subject by Mr. 
B Alton, from which may be gathered many interesting &cts. 
After giving it as his opinion that balloons will never permit us, 
safely and at pleasure, to navigate the air, on account of the vast 
surface they present to the action of the wind, he proceeds to 
show that if the problem of aerial navigation is to be solved, the 
encumbrance of balloons must be altogether dispensed with, and 
an engine must be devised capable of lifting its own weight and 
that of an aeronaut into the air, and of continuing to exert the 
power requisite for this purpose for a considerable time. There 
18 no difficulty in devisingmechanical instruments for aerial pro- 
pulsion and guidance. Earlier projectors principally aimed at 
imitating the wings of birds ; but since the use of the screw for 
the propulsion of steamera, the employment of a similar propeller 
for aerial locomotion naturally suggests itself. The action of sadi 
a contrivance is illustrated by a small toy called the Stropheore,* 
sold for the amusement of children ; when a siring puUod by tiie 
hand, giving a rapid rotation to a miniature propeller, causes it 
to rise in the air. It is also illustrated by fire-works called the 
Chinese turbine, which rise similarly in the air when caused 
rapidly to revolve by the combustion of the explosive mixture. 
There is no reason to apprehend any particular difficulty in the 
mechanical adaptation of this principle to the purpose unaer con- 
sideration. The real difficulty lies in obtaining a suitable motive 
power, t. «., one capable of furnishing a sufficiencv of power with- 
out weight. In the case of the steam-engine, which first occurs 
to the mind as the possible agent of the propulsion, the chief ob- 
jection is the weight of the boiler, coals, and water; that of ttte 
cylinder, piston, and moving parts being comparatively trifling, 
^he caloric-engine, although dispensing with the weight of water, 
docs not on the whole offer prospect of advantage. Anotiier 
source of motive power is offered by the combustion of ^as, t. e., 
by exploding a mixture of inflammable gas with atmospheric air. 
In a gas-engine constructed on this principle, the weight of the 
boiler, coals, and water necessary to the steam-engine is alto- 
gether dispensed with ; the place of these being supplied by a 
receptacle of gas, a soui*ce not of weight but lightness. There is 
one difficulty, however, viz., that if the receptacle of gas bo 
large, without which long journeys would be impossible, diffi- 
culty of propulsion and guidance, as in the case of a balloon, 

* In the Stropheore we have a few light wings placed obliquely aroand a eantavl 

Item ; by the action of the hands with a string, as in a humming-top, rotation is 

**n>>arted to those wings, and immediately the machine rises, aim pierces its way 

wsufik the air. 80 long as the motion continues, this ascent is connnned, becaase 

sur, Bul^ect to great oompresslou, yieUli to impuUloiilicfoie it hai time to 
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would be created. This evil would be remedied, though not 
without sacrifice of lightness, if a stock of petroleum were carried 
instead of a receptacle of gas, and the vapor of petroleum used 
instead of gas for explosion, with a due admixture of atmospherio 
air. Another source of motive power is afforded by solid explo- 
sive substances, t. e., by compounds which on combustion gener« 
ate a large volume of gaseous products. Such are gunpowder, 
gun-cotton, the mixture used for rockets, etc. In case of an en- 
gine worked by such power, the weight of boiler, fuel, and waTer 
necessary to the steam-engine is replaced by that of the supply 
of explosive mateiial, whereby for shoi-t journeys a great reduo- 
tion in weight is effected. There are some further considerations 
which seem to show that these powers are capable of achieving, 
to some extent, the desired result, which the steam-engine, prob- 
ably with justice, is pronounced incapable of effecting. If a very 
diminutive steam-engine could be made capable of raising itself 
into the air, a powerful steam-engine could be made to do so 
likewise ; for the ratio of weight to power is greater when the 
steam-engine is small than when it is large ; and this holds good 
in the ^ase of most machines or engines. Now, rockets are actu- 
ally made capable of lifting themselves into the air, and if small 
rockets can do this, surely, in accordance with the above princi- 
ple, large rockets can do so too, and in proportion to the size of 
the rocket, its power of lifting a load will increase ; and if this be 
so, it must be possible to construct a rocket, or a combination of 
rockets, capable of lifting from the ground and transporting to 
some distance the weight of a man. The weight actually lifted 
by the larger Congreve rockets is not inconsiderable ; but it is 
proper to consider that this would be greater were the power of 
the ^as brought differently into play. For the rising gas acts 
much more advantageously when the rocket is moving at a high 
velocity than when it is stationary, — a large proportion of its 
power being wasted in the latter case. Comd the power act as 
advantageously when the rocket is stationan^ as when it is 
moving at full speed, it would be capable of lifting from the 
ground a greater weight than it actually does ; and a greater 
supply of material being lifted, an increased range of flight could 
be obtained. For this reason, a rocket, however great its power, 
would be wholly unsuited to the purpose of aeriiu navigation ; it 
being impossible to retard its speed without diminishing the 
power exerted by it. But no such objection exists if we conceive 
the gas to produce motion, not directly, but by means of a pro- 
peller. For the propeller may revolve at full velocity, and thus 
the maximum of available power be brought into play, while the 
engine itself is moving through the air slowly or not at all. The 
same reasoning holds in reference to the Chmese turbines — ». e., 
that the ratio of weight to power would be greater when they are 
small than when they are large. And in this case, if a small tur- 
bine can lift itself into the air, a fortiori^ a large one can do so. 
Such considerations seem to show that, though the steam-engine 
may be wholly incapable of accomplishing we feat in o^vi^^t^jc^x^^ 
yet that other, powers now known to \is ac^ q&^VAa ol ^'S&^'C»i^ 
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it to 8omo extent. Suppose, howeyer, that this be so, the qnes- 
tioQ still remains: *'What range of fliffht coald be attained by 
means of any power now known to nsr ** This wonld of coarse 
be limited by the quantity of material (whether petroleum, gon- 
ootton, or any other substance) which it would be possible to lift 
into the air ; and experiment alone would determine this point. 
It docs not seem very bold to anticipate that a ranffe of flight 
equal to that of a cannon-ball might be found attainable without 
much difficulty ; and if once such a beginning be made, improve- 
ments might be expected to follow, enabling greater distances to 
be porfoimcd. Another question is that of cost; this woald, 
of course, mainly depend on the nature of the material available 
for the purposes. Could the desired object be achieved by tiie 
use of petroleum, the cost would be comparatively moderate; 
while if it were necessary to employ gun-cotton, the mixture used 
for rockets, or similar explosive compounds, the cost would be 
very great. It is obvious that in any case such a means of loco- 
motion would be far more costly than those now practised on 
land and water, and wholly unfitted to compete with them for 
ordinary purposes. At the same time, it is manifest thiJ there 
are numerous occasions, especially in war&re, where the power 
of moving in any desired durection through the air, even for very 
moderate distances, would be of great seiTice ; and cost for the 
accomplishment of such an object would not be grudged. 



ON THE USE OF STEEL FOB BAILWAT PUBPOSES. 

The application of steel to many of the purposes for which iron 
had been and is now generally used, had been limited by the 
difficulty in producing steel in sufficiently large masses, at a com- 
paratively low cost, and free from flaws, with a perfect homoge- 
neousness of material, — this seemed to present an almost insu- 
perable difficulty to its general employment. Cast-steel made by 
cementation, while possessing superior hardness, lacked tenacity ; 
if tough, it was soft ; if hard, it was brittle. In 1851, however, 
Krupp, of Essen, Prussia, showed, in the London Exhibition, an 
ingot of cast-steel weighing 4,500 lbs., the heaviest then known. 
In 1862, he exhibited another one weighing twenty tons, in the 
form of a solid cylinder, nine feet high and three feet eight in- 
ches in diameter. It had been broken across to show its fracture ; 
under a good microscope it would not exhibit a single flaw. 
Since tlieu he has repeatedly produced masses of forty tons 
weight. 

There can be no reason, at this late day, and in view of the ex- 
periments made in England and on the continent, for doubting 
the superior durability, and the ultimate superior cheapness, of 
steel rails and tires over those of iron. On our railroads it is 
theoretically correct to say that the weight of a load rests on a 
point ; but it is not practically correct. There is compression ; 
much of it in the road itself, or the rail, but some of it in the 
Wheel or tire. Yet, notwithstaiidiTig tk&t \t> oAsib^ ddmonabrated 
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tliai this compression makes what would otherwise be a level 
road one contmually np-hill, there are persons who advocate a 
yielding foundation, as there are those who insist on a springing 
or yielding tire. The mere fact that our ordinary locomotive tires 
must be occasionally re-turned is a sufficient refutation of their 
position. 

A perfectly ri^d bed or road-way, and as rigid wheels, is the 
mle that is found hj experience to be the best. Soon as a wheel 
er tire ^ets '* out of round,^ it becomes, in operation, a hammer, 
destroying the rail. Mr. Bessemer, at a recent meedn^ of the 
British Association at Nottingham, gave an exceedingly elaborate 
and interesting account of his own system of manufacturing 
ateel, and showed the vast importance that branch of industry 
had assumed since his patent had come into working operation. 
By the old system, forty pounds of steel was the largest mass of 
metal operated upon ; but by his process as much as twenty-five 
tons could be converted into steel in one heating. It had super- 
sedod iron wherever large castings were required, such as ord- 
nance of large size, locomotive and marine engine-cranks, rails, 
eto. He mentioned, as showing the superior durability of steel 
rails over those of iron, that at ue station at Camden Town, at a 
part of the line over which all the traffic passed, a steel rail was 
placed on one side of the line, and an iron rail on the other, and 
that seventeen faces of the iron were worn away, while the first 
face of the steel rail was still in working order. Steel rails put 
down four years ago were still in working order. The first cost 
of steel rails was, of course, much ^eater than that of iron, but 
compensation was foimd for this in me greater durability. 

The superintendent of one of our most successful railroads in- 
forms us that iron rails on that road average about seven or eight 
years of life. Steel rails have been recently introduced, but the 
test is not considered sufficient to affi>rd proper data for an opin- 
ion. Steel tires have been used on the road several years, some 
of them having already run 70,000 miles, and, w£iile costing 
double the price of iron, their durability has proved that they are 
superior to iron ones. No such performance, we are certain, can 
be recorded for iron tires. The *• best iron tires " — according to 
Thomas Prosser, C. E., who has lately issued a pamphlet on this 
subject, which should be a satisfactory exhibit to our railroad men 
•—"average only 60,000 miles, during which time four of them 
will grind up one ton of rails." 

It appears to be evident that our railroad companies will eventr 
nally save by replacing their iron rails, iron tires, iron wheels, 
and iron locomotive axles, with those of steel, the rails to be laid 
on an unyielding and permanent foundation. Certainly, this sub- 
ject of the comparative value of iron and steel for these pur- 
poses is worthy more general attention than has been given it in 
this country, especially in the construction and *' plant " of new 
lines of raUways. 

The surprising results that have appeared where steel rails have 
been laid alongside of it on rails, in places subject to very heavy 
traffic, have already caused their adoption on nearly aU linfi« Coi: 

6 



68 AHHUiX OF BGIEHTIFIC DnOOYKBT. 

nse near stations, and at all places where the way is liable to 
rreat deterioration. The ^rcat Northern Railway has adopted 
tnom for use on all their inclines, while the London and North- 
western Company have erected works of their own capable of 
supplying three hundred and fifty tons of steel per week, three 
hundn>d of which is worked up into rails. The question is merely 
one of first-cost and interest, and it is now pretty generally a:n- 
ceded that steel rails at £15 per ton, lasting forty years or longer, 
are cheaper than iron at £7 10s., lastin? eight years, especially 
when it is considered that, on account of its superior strength and 
stiffness, a steel rail wcighin;^ seventy pounds to tiie yard is more 
than equal to an iron rail weighing eighty pounds. 

At fir8t it was urged that steel rails, when worn out, would be 
useless from the impossibility of piling and re-rolling tiiem, while 
old iron rails coula easily bo re-worLed in any desired manner. 
All fears on this ground have, however, proved quite unnecessazy, 
as numberless uses have been found for which the old steel rails, 
as well as the crop ends formed in their manufacture, are desired, 
so that these bring readily from £7 to £8 per ton. Among these 
uses may be mentioned rolling into plates, to be nsed in makine 
kettles, by stamping, instead of charcoal plate ; plates for nait 
cutting, telegraph wire manufacture, and hundreds of other pur- 
poses for which the metal is extremely valuable. Or it may be 
re-melted in the converter or otherwise, and be again produced as 
rails. As stated in my last letter, the production of steel rails in 
England already amounts to one thousand tons per week. 

The form of rail in vogue on the Continent is the single headed, 
but, like the English, five inches deep. Here, also, steel is ta^g 
the place of iron on many lines, with a corresponding decrease in 
the expenses for renewals. 

The •* London Rjiilway News " says : " Mr. Williams furnishes 
some details which will serve to show the enormous wear and tear 
to which the rails of our leading lines are subjected. On the section 
between Hatfield and London, on the Great Northern line, 57,536 
trains, carrying 17,760,926 tons, destroyed in three years the raUs 
laid down in 1857. Some heavier rails, laid in 1860, were worn 
down in three years by 65,529 trains, and 13,484,661 tons. In the 
case, however, of a section of railway between Bury and Accring- 
ton, 6^,399 trains, and a gross tonnage of 12,451,784, passed over 
rails which lasted seven and a half years, or two and a half times 
as long as those of the Great Northern, with about an equal amount 
of traffic. Again, at Bolton, it reouired 203,122 trains, and S8,- 
803,128 tons, to wear out the same description of rails in seven and 
a quarter years. The cause of this rapid wearing out of the rafli 
of the Great Northern as compared with those of the other Ihies, 
is due, apparently, to the greater speed of the trains. In the case 
of iron rails, as in the delicately-constructed mechanism of animal 
life, it is * the pace tiiat kills.' 

*• Two steel rails of twenty-one feet in length were laid on the 
2d of May, 1862, at the Chalk Farm Bridge, side by side with two 
ordinary rails. After having out-lasted sixteen faces of the ordi- 
DM7 ™^ ^0 'Steel ones were taken n^ «XLd csxMEsined, and it was 
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found that at the expiration of three years and three months, the 
sui*face was evenly worn, to the extent of only a little more than a 
quarter of an inch, and to all appearance &Ley were capable of 
enduring a great deal more work. These two rails had, during 
the period of a little more than three years, been exposed to the 
traffic of 9,550,000 engines, trucks, ana carriages, and 95,577,240 
tons. It is an amount of traffic equal to nearly ten times that 
which destroyed the Great Northern rails above referred to in 
three years. The result of this trial was to induce tiie London 
and Northwestern to enter very extensively into the employment 
of steel rails ; and we learn from Mr. Webb that in a short time 
arrangements will be made at Crewe for the production of tiiree 
hundred and fifty tons of steel per week, of which three hundred 
will be used for rails ; and that at the present time there are about 
fifty miles of steel rails in use on the bne, and three thousand tons 
of steel-headed rails.^^ 

An examination of the steel rails laid down two years and a half 
since in the Woodhead Tunnel of the Manchester, Sheffield, and 
Lincolnshire RaUway, resulted in a striking illustration of the rel- 
ative endurance of steel and iron rails. This tunnel is about three 
miles long, with a station at each end, where trains generally stop, 
and where the wear of the rails is extraordinary, from the starting 
of heavy trains with the aid of sand on iron constantly wet with 
drippings from the roof. The life of an iron rail at these stations 
was but about five months on one head, and three or four months 
on the other, after turning. The new rails are seventy-five pounds 
Bessemer steel, double-headed, two and a half inch face, five- 
eighths inch stem, and five inches deep. Rails were taken out at 
the places of greatest wear, at each end of the tunnel, and on 
being carefully measured and compared with the original tem- 
plates f^om which they were made, were found to have lost as 
nearly as possible one-eighth of an inch in the thirty months^ use, 
under at least 8,000,000 tons of traffic, as computed &om the books 
of the station. The rails were in admirable condition, and good 
for five times as much further wear, both heads together ; maBng, 
in insurance phrase, an " expectation of life ^^ equal to fifteen 
years, or twent^^times as long as that of iron. — Scieniific Amerir 
can, 1866. 

CHILLED RAILWAY WHEELS. 

The practice with Major Palliser^s shot against armor has shown 
what are the qualities of chilled cast-iron ; the chill, in this case, 
extending quite through the casting. It has been demonstrated 
"^tiiat it is equsd in hardness to hardened steel, and that it requires 
even greater force to break or deform it. It may be that the 
startling results obtained at Shoeburyness will serve, in some 
measure, to account for the universal use of chilled railway wheels 
in America, and for the leading wheels of engines, and often for 
the driving-wheels themselves as well. It has always been the 
belief in tois country that those wheels were used because they 
were cheap, and because the Americans could afford nothing b<itr 
ter. These wheels, before the war, cost «Xm>\xX oii!6 «sA %» \^^i^ 
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pence per pound, or rather less than £14 per ton ; and one favorite 
pattern of two feet six inch wheel, weigninsr nearly four hundred 
weight, was sold, ready for boring, for £2 lOs. each. ^ But so for 
from their cheapness navin^ alone maintained them in use, they 
were long ago adopted on the Grand Trunk Railway of Canada, 
because they were found, upon the whole, better tnan wrono^t 
iron. We have before us a letter, written, in 1859, by the late Mr. 
A. M. Boss, en^neer to the Victoria Bridge, Montreal, upon this 
subject, and which contains this statement, a statement which we 
know to have been confimied bv the subsequent experience of the 
engineers of the Grand Trunk Railway. In the International 
Exhibition of 1862 were a pair of chilled wheels, two feet nine 
inches in diameter, which had run upward of 150,000 miles under 
a heavy post-ofS.ce van on the Grand Trunk Railway, and, although 
worn, thev were still in good condition. We need not dwell upon 
the seventy of a Canadian winter, nor explun how for months 
together the road bed — and there is seldom much ballast — is 
frozen as hard as rock. 

This, if anything, would be expected to try chilled wheels ; yet 
thejr are regularly employed for the leading-wheels of passenger 
engines ; and breakages, although not absolutely unknown, are at 
least as infrequent as those of the best makes of English nulway 
can*iage-tires. 

It requires good iron for chilled wheels. That used in America 
for this branch of manufacture is mostly cold-blast charcoal iron ; 
and it has to be selected and mixed witii care to obtain the proper 
qualities of strength and hardness of chill. The chill should be 
from three-eighths to five-eighths of an inch deep, and should cover 
the whole tread and the wearing face of the flange. Chilled 
wheels require especial provision for cooling after being cast, so 
as to avoid internal strain from contraction. The wheels do not 
all come out of exactly the same diameter ; but there is no diffi- 
culty in mating them in pairs of equal diameter, the greatest vari- 
ation in the diameters of a thousand two-feet-nine-inch wheels 
hardly exceeding one-eighth of an inch . The machineiy employed 
for boring is such that tne hole is necessarily in the centre, so that 
no eccentricity is possible. The wheels wear evenly and very 
slowly, until Uieir diameter has been reduced by nearly half an 
ignch. American iron, of choice quality for chUled wheels, is now 
being taken to St. Petersburg for casting there the wheels of all 
the carriage and wagon stock of the St. Petersburg and Moscow 
Railway. Heretofore the wheels for that line haveT)een imported 
largely from the States. Our own size of wheel has never been 
adopted there ; and as the weight of disk-wheels increases in a 
higher ratio than that of the increase of diameter simply, we pre- 
sume that a three-feet-six-inch wheel, instead of weighing but 
five hundred weight, as in English practice, would reach six hun- 
dred weight. We learn that iron of the proper quality for chilled 
wheels is likely to be introduced into this country, and that they 
will pix)bably receive a fair trial. 

We believe that five American chilled railway wheels have 
nived in London, and that they wiU be broketi er^rimentaUy, 
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and that ftirther wheels of tiiis kind will be sent orer for trial 
UDder English rolling stodL. We have samples of the iron from 
which these wheels are cast, and it is of magnificent qoality. 
The fracture is a rich dai'k gray, mediom-gramed, and shows 
great toughness, the particles appearing to have been irregularly 
torn, rather than broken short off. The specific gravity ranges 
from 7.25 to 7.8185, and the tensile stren^ from 32,000 to 35,- 
102 lbs., or, say, fourteen and one-half to sixteen tons per square 
inch. The iron is that known as the Salisbury cold-blast charcoal 
iron, and is worth about £10 per ton in New York. — Enffinear- 
ingy 1866. 

STEEL UOCOMOnVE WHEELS. 

Railway companies in England have for some time largely 
employed steel as a substitute for ordinary iron, for the working 
paits of locomotives, with most satistactoiy results. On heavy 
freight-lines it has been found that with the ordinary iron tires, or 
the engine-wheels, the distance run was not more than 90,000 
miles, — in many cases not more than 60,000 miles, — and the 
wheels require to be taken from under the engine for every 20,- 
000 or 30,000 miles run, for repairs and ** turning up.^ In the 
case of steel tires, however, the wheels will run 100,000 miles, 
before they require ** turning up " or repairing. The ** Kailway 
News ^* states that the result of a veiy careful examination of the 
effects of wear, lead to the opinion that these wheels will run 
from 350,000 to 500,000 miles, or equal to some twelve or fifteen 
years^ work of a daily average of about one hundred miles. The 
difference of cost between the two metals is not great ; in the one 
case it ranges from £40 to £45 per ton, while the steel is about 
£55 ; the cost of labor in placing the tires being about the same in 
each case. It is confidently stated that a similar saving in point 
of wear may be made by substituting steel for iron in boilers, 
axles, cranks, eccentrics, and other portions of locomotives. — 
MeehimM Magazine^ JprU, 1865. 

HIGH TEMPERATUUES FBODUCED BY GAS. 

There is no reason why the very highest temperatures should 
not be produced by the combustion of gas ; ana in reality it has 
been found that by regulating the 8Ui>ply of air and gas, and pre- 
venting the caJoric evolved from being dissipated, a very great 
heat may be obtained. For this purpose, it is only necessary to 
combine a number of flames produced by Bunsen burners, but 
without peimitting them to completely penetrate one another, 
and causing a draught by means of a sheet-iron tub^ about two 
metres high. The neat, by a proper management of the flame, 
and by the products of combustion being made to act on both 
sides of the refractory envelope within which the substance to be 
operated on is placed, becomes exti'emely powerful. With such 
an arrangement it was found that two square metres of gas, burned 
under a pressure of five or six centimetres of water, fused six 
hundred and seventy grammes of ailvei la fii)bd«aDL xfiVvx^vc.^. ^^a^ 
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fiye hundred grammes of verv inftuible cMtrjioii in ibhtj min- 
utes. ^ InUUedual Observer, March, 1866. 

PETROLEtJX AS A FUEL. 

Mr. C. J. Richardson has so far succeeded in utilising petrole- 
um as a steam fuel for marine engines, that at a recent trial of 
his improved petroleum boiler, at Woolwich Dockyard, the most 
favorable results are said to have accrued. It is reported that 
the boiler vaporized about three thousand pounds of water, at the 
rate of thirteen and a half pounds to one pound of fhel, in about 
three hours, the lowest class of English coal being used. Petro- 
leum is the exact opposite of coal ; it is slow burning, permitting 
little waste, requiring a small fire-box and no ash-pit. An ash, 
the petroleum coke, forms itself on the surface of the grate, and 
is of great service to the combustion. After a few tons of the oil 
are burned, this would become several inches in thickness, and 
form a porous grate better than any that could be manufactured 
for the purpose. — Mechanics' Magazine, Jan,, 1866. 

SIEMENS' BEGENERATIYB 0A8 FURNACES. 

Although this furnace has been described in the ** Annual of 
Scientific Discovery " for 1864, the facts elicited are so important 
and suggestive, that attention may be called to them again. 
The pomts of special interest are, Ist, the extremely high tem- 
perature which can be obtained, and which, in fact, is limited 
only by the nature of the materials employed in the construction 
of the furnace; and 2d, the possibility of employing at will 
either an oxydizing or a reducing atmosphere. The furnaces 
have been applied to puddling and re-heating, and, no doubt, will 
soon be extensively used in metallurgical processes. It is well 
worth while to determine by direct experiment, on a large scale, 
whether the rich iron ores of Lake Champlain, Lake Superior, 
and Missouri, cannot be directly reduced to the metallic state by 
heating them to a sufficiently high temperature in the chamber 
of a Siemens' furnace, and then changingtiie gaseous mixture in 
the furnace to a reducing condition. This would, in fact, be 
blooming upon a large scale, and would perhaps avoid the incon- 
venience and expense of blooming in the small way, which, in 
spite of the supenor quality of the iron produced, has been almost 
wholly superseded by the cheaper process of puddling. Exper- 
iment only can determine whether fluxes can be used with ad- 
vantage in blooming in this manner, when poorer ores are em- 
ploved. Ores of copper could doubtless be roasted and reduced 
in furnaces of this construction, and, with some additions to the 
original plan, the sulphurous acid formed during the roasting 
might be directly converted into sulphuric acid in leaden cham- 
bers. But it is for the metallurgy of iron that the new furnaces 
will probably be found most advantageous. As the temperature 
attainable is extremely high, it may even be found practicable to 
It the malleable iron formed by the direct i*eduction.of the ore. 
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the walls of the fire-chamber being lined with lime, as more re- 
fractory than fire-clay. But even if this should not be realized, it 
is at least probable that the earthy impurities of the ore would be 
reduced to a peculia^y fluid condition, so that the blooms could 
be easily treated under the hammer and brought into* the form of 
malleable iron. There is hardly a branch of manufacture in 
which heat is employed upon the large scale in which furnaces on 
the regenerative principle would not find an application. Small 
gas furnaces could be made upon the same principle, for labora- 
tory use and for various processes in the arts, using ordinary city 
fas as fuel, instead of gas produced by a special furnace. The 
igh temperature obtained m Grore^s gas furnaces appears to be 
due to the heating of the air and gas oefore they mix in combus- 
tion. — American JowmcU of Science, May, 1865. 

SMOKE-CONSUMINa APPARATUS. 

M. Emile Martin, in a work published in London, in 1865, de- 
scribes his improved steam-generating apparatus. The leading 
idea is the use of two fire-places, and, therefore, double firing. 
From the upper part of each fire-place tubular flues rise up to a 
chamber within the boiler; from this chamber descend one or 
more flues, at whose lower portion is a perforated grating of fire- 
clay, on which there is constantly kept a quantity of glowing fuel ; 
below this is a space communicating with a chimney into which 
the proddcts of combustion are exhausted by means of a fan or 
other contrivance for producing a di*aught. In order to try the 
plan, the Great Eastern Railway Company applied it to an old 
locomotive, working as a stationary engine at the Stratford sta- 
tion. This old boner, with M. Martinis apparatus, was able to 
provide with steam an engine of a hundred horse-power, and 
with an economy of thirty-three to forty per cent, over the fifty- 
horse boilers close by. These boilers are still in good condition, 
and the advantage over them, obtained by the old locomotive- 
boiler furnished with this apparatus, seems mainly due to the 
consumption of smoke obtained by the latter. The work also 
contains a report fi*om two engineers, showing that, by means of 
this arrangement, ten pounds of water were evaporated by the 
use of onfy one pound of fuel, exclusive of the fuel used for 
getting up steam. A new locomotive on this plan was in process 
of construction. — London Mechanics* Magazine, Feb., 1865. 

AMOBY'S SMOKE-CONSUMINa FURNACE. 

Mr. Jonathan Amory, of Boston, Mass., who has devoted many 
years to the perfection of a smoke-consuming fomace, has re- 
cently issued a pamphlet on the subject, from which the following 
are extracts : — 

** The subject of the economical application of heat for the pro- 
duction of steam may be said, without exaggeration, to be tiie 
most important for the consideration of every l&r^ \nas^*&f^\3Qzt- 
ing, agricultural, and mercaatale coimmmi\>^\ «sAc>ta^x»^^^^^ 
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most neglected, as far as piuctice is concerned. The eosfc of fuel 
annually required in the United States for mechanical and manu- 
facturing purposes, and principally for the generation of steam 
(leaving out of the calculation the immense amount used in do- 
mestic economy), has been estimated at $60,000,000. Estimating 
it at only $50,000,000, any inrnrovement which woold save even 
one-quarter of this sum (or $12,500,000) would add so mudi io 
the national wealth, by largely extending many branches of pro-, 
ductive industry, and rendering profitable many enterprises now 
lanmiishing and poorly remunerative. The many different kinds 
of furnaces and boilers now'in use, in this countiy and in Eorope, 
like the many infallible cures for dangerous diseases, only show 
that all are imperfect, and that no one is entitled to the foa confi- 
dence of the public. 

** No one can deny that the prevention and consumption of 
smoke are very desirable, both from a sanitary and an economical 
point of view. The principles of chemistry, and practical expe- 
rience, show that the prevention of smoke and the perfect com- 
bustion of fuel are synonymous ; or, in other words, that smoke 
is carbon escaping unconsunied from the chinmey, and so much 
lost fuel. Hundreds of thousands of dollars are thus annually 
thrown away, at a time, too, when strict economy ou^ht' to be 
the rule. It is not exaggerating to say that one-lialf of the Aiel 
used for generating steam in this country would, with the use of 
proper furnaces, perform the same service now derived from the 
whole, as at present used. 

** The idea that we cannot have fire without smoke is not true 
of a well-constructed furnace, after the fire is once well kindled. 
Many attempts have been made to solve this smoke problem, but 
all have failed, more or less complctelv, from inattention to the 
laws of perfect combustion, the variable products according to 
Uie fuel, the want of svstem in the management of the furnace, 
and, above all, from the failure to bring the due proportion of 
air into contact with the combustible ffases. Various devices have 
been employed, both in Europe and this country, to arrest or 
delay the gases of imperfect combustion in their passage to the 
chimney, by different kinds of bridges, generally of m'e-brick, 
behind and near the fire; and various imperfect attempts have 
been made to admit a certain quantity of air behind these bridges, 
to secure a more perfect combustion, diminishing, however, to a 
certain extent, the heat by the admission of the cold air. Even 
with these, in England, there has been secured a saving of thirty- 
three per cent. 

** As a preliminary to perfect combustion, a proper amount of 
grate-surface, and a DoUer of sufficient size, are of the first neces- 
sity ; as, with too small a fire-sur^e, and a boiler so small as to 
require constant forcing, ped'ect combustion and its resultant 
economy are out of the question." 

After showing the proper proportions of grate-bars to boiler- 

iface, the heating properties of various kinds of fuel, and the 

»per amount of air to be supplied for perfect combustion, he 

38 on to say : — 
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** In the best double-flaed and donble-Aimaeed English boflen, 
about one square inch of permanent air-opening, behind the 
bridge, is necessary for every square foot of grate-bar, — air pass- 
ing as usual through the grate-bars from the ash-pit, and often 
through holes in the furnace door. In the *Amory' furnace, a 
three to six-inch pipe is ample, conveying heated air to the cavity 
of the curves, the ash-pit door (and me holes in the furnace 
door, if necessary) beinff closed, after the fires have been well 
kindled, — a very much less open air-space than in the best Eng- 
lish furnaces. With an insufficient amount of air, if bituminous 
coal or pine wood be used, the too-compact fire beiug supplied 
only through the grate-bars, the ^ases pass quickly and uncon- 
sumed through the flues, with a thick volume of dark smoke by 
the chimney. Enough air only should be admitted to convert the 
carbon of the fuel into carbonic acid by its oxygen, the hydrogen 
being converted into water in the shape of vapor. In this con- 
dition of a furnace, the products of combustion become invisible, 
so that we may justly conclude that smoke is the measure and 
gauge of imperfect combustion. 

** Some tumace-makers admitted air through the furnace-doors 
by a few large, or many small openings ; others, behind the bridge ; 
but, in every case, cold air. In the * Amory ^ furnace, at a proper 
distance from the fire, is placed a combustion, or reverberatmg 
chamber of concavo-convex hollow iron curves, concave towara 
the fire, when a single one is used, and the length of ^rate-bars ia 
sufficient to admit the loss of so much fire-surtace ; we curve on 
the level of and just behind the fire; — concave toward each 
other when two are used, above and at a greater or less distance 
from the fire. Between the curved iron plates (best made of 
boiler-plate one-eighth or one-sixth of an inch thick) is a hollow 
space, communicating underneath with each, into which air is 
received, heated by passing through a pipe introduced through 
the boiler, or otherwise, the air communicating with the fire- 
chamber by several openings on the concave suruices. It is also 
necessary that the anterior curve be lower than the posterior* 
to insure and facilitate the revolving of the gases in the chamber. 

** The principles of this furnace have for several years been 
applied to locomotive, stationary, house, and steamboat furnaces, 
with l^e most 'satisfactory results, as the testimonials appended 
will show ; and it is confidently recommended to engineers, ma- 
chinists, and builders, as meriting all that is claimed for it in 
the saving of fuel and the consumption of smoke. 

'*This furnace neither draws the air through the fuel by the 
production of a partial vacuum behind it from high temperature 
and rarefaction m the chimney, nor forces air through it by com- 

Sression, or other mechanical contrivance, before me fuel, — the 
rst exceedingly wasteful, and the second inconvenient and un- 
necessary ; but it secures a most perfect conabustion and free- 
dom from smoke, by the retention and reverberation of the gas- 
eons products in a circular chamber, in which a due amount of 
heated air is introduced, converting, in this way, much carbonie 
oxide (usuaUy escaping by the chimney^ Vei\a Qax\y>\^^ ^\^ ^B^<k 
and thus saving a ^reat amount oi calonc. 
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**The thr^e points of the patent are, — Ist, Retention of the on- 
oonsumed gases. 2d, ReverberatioQ by a circular chamber of 
proper n^lative height iu the two curves. Sd, A due supply of 
neated air in the (Siamber, and between its plates, doin^ awav 
with draft in front and from below, after the ore is once kmdlea, 
affording safety from fire by closed furnace doors, freedom from 
water which would put out the fires (by closed ash-pit), and pre- 
servation of iron in locomotives by the constant current of the 
burning gases in the chamber.^ 

It is cmimed that, by this furnace, a saving of twenty to forl^ 
per cent, in fuel is effected, and that with fuel even of the poor^ 
quality. 

ON IRON SHIPS. 

Mr. William Fairbaim communicates to the ** Quarterly Journal 
of Science,^ for Apidl, 1866, a paper on the loss of the ** London" 
Steamship, which foundered at sea on a voyage to Australia, from 
which the following are extracts : 

** The introduction of iron for the purposes of ship-building has 

even greatly increased strength, and afforded facilities for obtain- 
g new forms, which, aided by the power of steam, have insured 
a rate of speed in vessels never before attained in naval histoiy. 
It has, moreover, furnished the naval architect with a material of 
immense value as regards construction ; and its careful distribu- 
tion in the shape of ribs, frames, and the sheathing of vessels, 
cannot be too highly appreciated. As compared with the best 
English oak, it exhibits four times its power of resistance ; and it 
has, in addition, the double advantage of being almost perfectly 
homogeneous and free from the defects of open joints, which, in 
the case of the planking of wooden vessels, require to be caulked. 
With all these advantages, iron constructions are surrounded vnth 
many dangers, when entrusted to the care and superintendence of 
incompetent persons. In such hands there invariablv exists a 
want of proportion in the formation of iron vessels, which exhibit 
defective powers of resistance, and such other abnormal condi- 
tions as might prove destructive to the efficiency and ultimate 
security of the structure. It is of importance to take into account 
the forms or lines of least resistance, such as a fine entrance at the 
bows, and an equally clear run at the stem, if high speed is to be 
obtained. The forms advantageous for vessels navigating rivers 
and smooth water are not so in those intended for long sea- 
voyages, and having to contend with the waves of the Atlantic. It 
is questionable, in the latter, whether or not some slight sacrifices 
should be made to speed, and some modification effected in the form 
of the bows and stem, in order to meet all the requirements of a 
safe and convenient vessel intended for the double purpose of 
canying passengers and cargo. The safety and success of a ves- 
sel do not depend so much on its speed as upon its sea-going 
pi*operties ana sound construction. If, for example, we take one 
of the present iron clippers, with her sharp bows and fine propor- 
tinns. I am of opinion that she is neither tlie safest nor tne best 
iption of vessel to contend with a heavy sea in foul weather. 
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In tiie fii^ place, she is a diver, wMch cats into the sea and rises 
with difficulty from a bath, which covers her decks with water as 
she pitches m>m sea to sea. Bepeated immersions of this kind are 
exceedingly uncomfortable to those on bowrd, and caose the ship 
to lift some tons of water before her buoyancy is restored to me^ 
the next and every other succeeding wave into which she plunges 
in a rolling sea. I think it is the duty of every ship-builder to 
approximate as closely as possible to the lines of least resistance, 
which, in my opinion, ought to be carried to the utmost limits in 
smooth water, but in smooth water only. It may not be out of 
place to suggest that all passenger and emigrant sliips should be 
modified in their construction, so as to give increased displace- 
ment at the bows and stem, but more particularly at the oows, 
where they require buoyancy, liaving to encounter the force of a 
large body of water rushing over them and scouring the decks 
from stem to stem. For several years I have endeavored to im- 
press upon the minds of naval arcmtects the necessity of increased 
stoength on the upper deck of sea-going vessels, in order to bal- 
ance the forces of tension and compression, and the double bottoms 
on the cellular principle of construction. The ultimate strength 
of a vessel is the resistance of its weakest part, and this being the 
case, it is evident that it is of little or no value to have a strong 
double bottom if the deck is liable to be torn asunder by the alter- 
nate strains of a vessel pitehing at sea. That these strains, often 
repeated, lead to fracture does not admit of a doubt, and it has 
been proved by experiment, that, under these circumstances, time 
is the only element in the endurance of the structure ; and 'this 
varies according to the intensity with which the strains are pro- 
duced. I am convinced that heretofore the decks have been the 
weakest parts, and that several iron vessels have broken ri^ht in 
two from the constant working of alternate strains at midships 
along the line of the decks.^ 

HTDBAUUC-LIFT GRAYING-DOCK. 

Mr. Edwin Clark has described to the Institute of Civil Engi- 
neers the ^ans adopted by him at the Victoria (London) Graving- 
Docks. The {)rinciple of these docks is to provide a single lifting 
pit, out of which tne vessels may be raised bodily on pontoons, 
which afterward float them in shallow water to a convement berth 
for graving purposes. The ships are raised by hydraulic presses, 
the idea of which appears to have been derived from the presses 
employed in raising the Britannia and Conway Tubular Bridges, 
desipied under Mr. Clark^s superintendence. At the Victoria 
Docks, the depth of water in the lift-pit is twenty-seven feet ; that 
over the rest of the dock is only six feet. In raising a vessel, one 
of the pontoons is brought over the lift-pit, filled with water, and 
sunk. The vessel is then floated in over the pontoon, and the 
pontoon and vessel raised together by the hydraulic presses. 
When at a sufficient altitude, the water is drawn off from the pon- 
toon, which then floats the vessel to its berth in the shallow wat<^r. 
The whole operation of lifting occupies oti\^ «)MyoX>QaiM«i 
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and the liflinj^-pit is then ready for the reception of another vessel. 
At the Victoria Docks there are thirty-two presses, with ten^nch 
rams, having a stroke of twenty-five feet. This, with a water 
pressure of two tons per circular inch, gives a total litling power 
of 6,400 tons, less the weight of crossheads, rams, etc., amounting 
to six hundred and twenty tons. — Popular Science Bemew, Apru. 
1866. 

CORK SPRINGS. 

The use of cork instead of India-rubber as a support for freight 
cars and similar heavy vehicles, would not, a priori, seem very 
promising, from ordinary impressions of its properties. The cork 
used for such springs is of the commonest description, harsh, hard, 
and full of fissures ; it is cut into disks of about eifi^ht inches diam- 
eter, each pierced with a central hole. Previous, however, to cut- 
.ting, it is soaked in a mixture of molasses and water, which gives 
it some softness, and renders it permanently moist. -A number of 
these cork disks are placed in a cylindrical cast-iron box, a flat 
iron lid or disk is placed over them, and by hydraulic pressure is 
forced down so as to reduce the thickness to one-half. A bolt is 
then run through box, corks, and cover, at the centre, and a nut 
being screwed on this holds all in place, when the press is 
relieved, and the box of compressed cork, disks, or oorlL spring, is 
ready for use. One of these springs, placed in a testing machme, 
under a weight of 20,000 pounds, showed an elasticity suggestive 
of compressed air in a condensing pump. One would expect, firom 
the appearance of the material, that, under heavy pressure, it 
woula bo pulverized or split into shreds, especially if this pressure 
was assisted by violent shocks ; but, in fact, no such action takes 
place. A pressure which destroys India-rubber, causing it to split 
up and lose its elasticitv, leaves the cork unimpaired ; and, with 
the machinery in use, it has even been impossible, with any press- 
ure attainable, to injure the cork, even when areas of but one 
inch were acted upon. —Journal of Franklin Institute, May, 1866. 



ON THE PBESEEVATION OF WOOD, IN DAMP AND WET PLACES. 

In 1846, 80,000 sleepers of the most perishable woods, impreg- 
nated, by Boucherie's process, with sulphate of copper, were laid 
down on French railways : after nine years exposure, they were 
found as perfect as when laid. We would sug^st washing out 
the sap with water, which would not coagulate its albumen : the 
solution would appropriately follow. Both of the last named 

E recesses are comparatively cheap ; it costs less than creosotinff, 
y one shilling per sleeper. The unpleasant odor of creosote is 
greaUy against its use tor lumber for dwellings ; pyrolignite of 
iron is offensive, and also highly inflammable ; the lenity of the 
chlorides for water keeps the structure into which they are intro- 
duced wet, and they also corrode the iron-work. Sulphate of 
Conner is free from these objections, and is chei»>er than the 
les, and seems preferable for protecting wooden struutures 
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against dry rot in damp sitaationfl, like mines, vaults, and the 
basements of bnildinffs. 

The surface of all timber exposed to alternations of wetneai 
and dryness ^adually wastes away, beooming dark colored or 
black. This is really a slow combustion, but is commonly called 
wet rot, or simply rot. Other conditions being the same, the 
most dense and resinous woods longest resist decomposition. 
Hence the superior durability of the neart wood, in which^ the 
pores have been partly filled with lignin, over the open sapwood ; 
and of dense oak and lignumvitss over light poplar and willow. 
Density and resinousness exclude water ;> merefore our preserva- 
tives should increase those qualities in the timber. Fixed oils 
fill up the pores and increase the density ; the essential oils resin- 
ify, and furnish an impermeable coating ; but pitch or dead oil 
possesses advantages over all known substances for the protection 
of wood against changes of humidity. According to Professor 
Letheby (** Civil Eng&eers^ Journal,^ vol. 23), dead oil, 1st, 
coagulates albuminous substances; 2d, absorbs and appropri- 
ates the oxygen in the pores, and so protects from eremacausis ; 
3d, resinifies in the pores of the wood, and thus shuts out both air 
and moisture ; and 4th, acts as a poison to lower forms of animal 
and vegetable life, and so protects the wood from all parasites. 
These properties specially fit it for impregnating timber exposed 
to alternations of wet and dry states, as, indeed, some of them do 
for situations constantly damp and wet. Dead oil is distilled from 
coal tar, of which it constitutes about .30, and boils between 390^ 
and 470^ Fahr. Its antiseptic quality resides in the creosote it 
contains. One of the components of the latter, carbolic acid 
(phenic acid, phenol) C^ H* 0>, the most powerful antiseptic 
known, is able at once to arrest the decay of every kind of organio 
matter. Professor Letheby estimates this acid at one-half to six 

Ser cent, of the oil. Bethell^s process subjects the timber and 
ead oil, enclosed in huge iron tanks, to a pressure var3dng from 
one hundred to two hundred pounds per square inch, about 
twelve hours : from eight to twelve pounds of oil are thus in* 
jected into each cubic foot of wood. Lumber thus prepared is 
not affected by exposure to air and water, and requires no paint- 
ing. Four pence the cubic foot is estimated as the probable 
eaqpense of this process. 

Though we have not to guard against decay, when timber is 
oonstantly wet in salt water, the Teredo navaUi^ a mollusk of the 
family TSAicoUxria (Lam.) soon reduces to ruin any unprotected 
submarine construction of common woods. None of our native 
timbers are exempt from these inroads. The teredo never perfo- 
rates below the surface of the sea-bottqpi, and probably does little 
injury below low-water mark ; its food is the borings of the wood. 
Poisoning the timber does not protect from the teredo, the con- 
stant motion of sea-water soon diluting and washing away the 
small quanti<7 of soluble poison with which the wood has been 
injected. Thorough creosoting the wood, with ten pounds of 
dead oil per cubic foot, is a complete protection against the 
teredo. 

7 
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Anothor destroyer of submarine wooden construoUons is Lim- 
noria terebrans^ another mollusk, resembling the sowbug. It 
pierces the hai'dcst woods, and its perforations seem merely to 
serve as the animal^s dwelling-place. The only successfal pro- 
tection seems to bo the mechanical one of stuading the snrface 
thickly with broad-headed iron nails ; oxydation rapidly fills np 
the mterstices between tlio heads, and the outside of the timber 
becomes coated with an impenetrable crust, so that tiiie presence 
of the nails is hardly necesdary. — Journal of ihe Frankkn Intiir 
UtU, Nov., 1866. 

METBICAL SYSTEM OF WEIGHTS AND XEASUBES. 

The subject of a decimal system of measure resolves itself into 
two parts, — the desirability of a decimal system, and the standard 
of measure to be adopted as the unit ; the first of which may now 
be considered settled, and the principle definitely adopted in this 
country, the use of decimal measures being now leg^dized by a 
recent act of Parliament. But the second part of the subject, the 
standard of measure, is still open, and is of very great impor- 
tance ; the consideration of it involves two preliminazy sdentifie 
questions, and two practical conditions to be fulfilled. 

In respect to the first scientific question, *- as to the standard 
that can be replaced best in case of being lost, — there is no real 
choice between the metre and the inch ; for the metre having been 
originally determined by measuring part of a ouadrant of the 
earth^s circumference, its length was also referred to the seconds 
pendulum for facility of repeating the measurement; and the 
mch being obtained from the seconds pendulum, both the metre 
and the inch are thuis verified by the same means : indeed, the 
relation between them being once established, any means of 
verification is equally available for lx)th. In regard to tlie second 
scientific question, — as to the standard that is most universal in 
the character of its basis, — the supposed advantage of the metre, 
as an even traction of the quadrant, lias been proved by the results 
of more accurate mciisurcmcnt to be a mistake, its actual length 
being an uneven fraction of tlic quadrant, just as the inch is an 
uneven friELCtion of the pendulum ; and the length of tlie quadrant 
itself being different in difiercnt longitudes, there is therefore no 
choice between the metre and the inch, in respect of universality 
of its basis. The present legal standai'd of measure in this coun- 
try is an individual metallic yard measure, independent of any 
reference to another source ; and the metro is similarly a continu- 
ation or copy of an original standard metre which is now known 
to differ from the exact me^ure that it was intended to represent 
of the quadrant. There is no practical advantage, however, as 
regards accuracy, in depending upon copying for the preservation 
of a standard ; for, by Mr. Whitworth^s process of contact 'meas- 
urement, the accuracy in copying len^hs can now be carried as 
far as one millionth of an inch, which is a higher approximation 
than can yet be attained in measuring the length of a pendulum 
1 arc of the earth^s circumference. 
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The first praotioal condition to be fulfilled by tb.e standard of 
measure is toat it shall be the one best suited for use in decimal 
subdiviaon ; and this point is to be determined by the relative 
practi(»Ed convenience or inconvenience of its principal subdivi- 
sions and multiples. In connection with mechanical engineering 
work, the inch has a special qualification for tiie standard of 
measure, since its subdivisions and multiples predominate in the 
dimensions of the parts of machinerv ; it is the basis on whidi 
the various machines and engines made in this country have been 
constructed, and on which are founded calculations of strength 
of materials, sectional areas, steam pressure, power, velocity, 
capacity, and weight ; so that the mechanical engineer may be 
said to think in inches, calculate in inches, and work in inches. 
For the classes of work in which the finer measurements are 
required, such as rifle-boresi wire and metal gauges, eto., the de- 
sired degree of accuracy is readily and conveniently expressed in 
thousandths of an inch ; whilst the millimetre, the smallest subdi- 
vision of the metre-scale, not bein^ smaller than the one-twenty- 
sixth of an inch, requires the addition of two places of decimals to 
give the same degree of accuracy. This is a practical advantage 
of importance in favor of the inch as the unit of measure, since 
dimensions to one-thousandth of an inch are now required in 
re^lar use in mathematical work. Moreover, by taking as the 
nmt the lowest of the present denominations, — the inch, — any 
longer dimensions on the present scale can be exactly expressed 
in £e decimal system without fractional remainders. The second 
practical condition attaching to the standard of measure is that it 
shall be the one most extensively in use alreadv, so as to involve 
the ieast alteration of existing measures ; and, in addition to a 
preponderance in the population now using the inch over that now 
using the metre, the former includes the great machinery produo- 
ers, whose work already exists in such large <][uantities in all parts 
of the world, in the form of engines, machmery, railway plant 
and tools ; and the difficulties in me way of a change to the metre 
in this country appear, therefore, so insuperable, as to amount 
practically to a prohibition of a decimal system, if it is to be based 
on the metre. 

For larger dimensions, the most convenient decimal change 
would be the adoption of a ten-inch foot ; and the larger measures 
being alreadv multiples of the inch, their decimal adaptation to 
the inch would be at least easier than their entire alteration to the 
metre standard. It is also very desirable that the present weights 
and measures of capacity should be reduced to decimal systems ; 
and it is considered that they can practically be based as readily 
upon the inch, as the standard of measure, as upon the metre, in 
the same way as with the definition of the metre or the inch. 

In a discussion which followed the reading of this paper, the metre 
as the standard unit of decimaf measure, in preference to the inch, 
was advocated by a deputation from the International Decimal 
Association, who concurred in considering that the question of the 
standard of measure depended upon the fulfilment of the practical 
condition which had been stated ; that the standard 6h.o\]i<i\^^^^ 
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one best suited for use in decimal sabdivisions, and the one most 
extensively adopted already. As regarded decimal sabdivisioD, 
the results of inquiries made by the Association had led them to 
recommend the metre as adapted for Uie greatest yariety of mesr 
snroments, and for the most numerous cases likely to (x»nrin 
daily life, and to conclude that the inch did not in itoelf offer any 
advantage above the metre, even to medianical ensdneers, since 
accuracy of measurement depended not on the 80ue« but on the 
measuring instrument employed, wliich ou^t to be applicable to 
any scale ; and the millimetre- had been uready triea to some 
extent in this country, and was found convenient and suitable ibr 
mechanical work. In reference to the extent of population adopt- 
ing the metre or the inch, it was believed that tne nnmeiioal pre- 
ponderance was already in favor of the former, and was steadily 
mcreasing by the more general adaption of the metre in other 
countries ; and the simplicity and convenience of the metre system, 
hottk for measures and weights, were ur^[ed» together with the 
great importance of facilitating international communications, 
which were now so much interfered with by the incongruity of 
the systems in use. — Mb. John Fsbnis, of Leedi^ in LomUm 
Meehaniea* Magaeine, February, 1865. 

At the meeting of the National Academy of Scienoee, held in 
Washington, D. C., in January, 1866, the dommittee on Umform 
Weights, Measures, and Coinage, made the following report, 
which was adopted by the Academy, and ordered to be communi- 
cated to the Treasury Department, and to the Congressional Com- 
mittee having charge of the same subject : ** The committee are 
in favor of adopting ultimately a decimal system, and in their 
opinion the metrical svstem of weights and measures, though not 
without defects, is, all things considered, the best in use. The 
oommittee therefore suggest that the Academy recommend to 
Congress to authorize and encourage by law the introduction and 
use of Uie metrical system of weights and measures ; and, with a 
Tiew to familiarize the people wi£ the system, the Aeatdemy re- 
oommend that provision be made by law for the immediate mann- 
&ctore and distribution to the custom-houses and States of metri- 
cal standards of weights and measures ; to introduce the system 
into the post-of&ces, by making a single letter weigh fifteen grains 
instead of fourteen and seventeen-hundredtlis, or ludf an ounce ; 
and to cause .the new cent and two-cent pieces to be so coined that 
they shall weieh respectively five and ten grams, and that their 
diameter shallbe made to biear a determinate and simple ratio to 
the metrical unit of length.** 

COinrERSION OF CAST-neON INTO 8TBEL. 

M. Gralv-Cazalat, as reported in the '* London Chemical News,** 
No. 320, has communicated a ne^ process for quickly and eco- 
nomically converting any mass of cast-iron into steel, which he 
accomplishes bv passing superheated steam into Uie fused iron. 
In traversing the mass the steam is decomposed; the oxygen 
fannui progressively the carbon and oxide of iron, while the ny- 
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drogen combines with and removes the sulphur, phosphorus, and 
other metalloids which render the steel brittle. When the color 
of the flame at the top of the mass indicates a proper amount of 
decarburation, the steel is run out. He operates either in a cupola 
or a reyerberatpry furnace of his own construction, in which the 
waste heat from the furnace is utilized to produce the steam. 
There has always been a difS.culty In knowing when to stop the 
decarburating current, the process often being carried too far; 
but this author says common steel can always be regularly pro- 
duced by completely decarburating the cast-iron i^nd then adding 
ten per cent, of spathic cast-iron, which restores to the iron the 
amount of carbon necessary to effect the conyersion into steel. 
By a peculiar contriyance, tne author shuts off the current of su- 
perheated steam from the metal and passes it into the chimney, 
where it seryes io increase the draft, and thus leaves the steel m 
a state of tranquil fusion for about fifteen minutes, by which he 
gets a perfectly homogeneous mass. To remove bubbles in his 
castings he has a very ingenious device. A cannon, for example, 
being cast, while the metal is still hot and soft, he covers the mould 
hermetically with a sort of hat, from the top of which rises a pipe, 
in which is placed six or ten grammes of a niiixture of eighty parts 
of saltpetre and twenty parts of charcoal. By opening a stop- 
cock the powder is allowed to fall on the metal, where it gets 
ignited, producing a large quantity of gas which exerts pressure 
on all pfurts of the casting, removing the bubbles and increasing 
the tenacity of the metal. 

HABD AND TUNGSTEN IBON. 

M. Gaudin reports, that while experimenting in an ordinary 
cupola furnace, by melting iron at a very high temperature with 
phosphate of iron and peroxide of manganese, he succeeded in 
obtaining a species of iron, very hard and for^eable, but turning 
well, ana applicable to the manufacture of pieces which require 
great strengtn and hardness. The metal is remarkably sonorous, 
and might perhaps be applied to the casting of bells. A still 
harder metal may be produced by the addition of tungsten to 
ordinary cast-iron ; this tungsten-iron is said to surpass eveiy- 
thlng previously known as a material for cutting rocks, and that 
crystals of it will cut glass as easily as the diamond. — Jour. 
8oc. Arts, No. 685, 1866. 

SEPARATING PHOSPHOBUS FBOM HETALS. 

It is well known that phosphorus is a substance which prevents 
the production of pure qualities of iron and other metals, and all 
attempts to remove the same have hitherto failed. Mr. Carl li. 
L. Wintzer, of Hanover, has found that chlorine gas and chloride 
of calcium are adapted to obtain the desired result. Chlorine 
gas, as a simple element, does not decompose, and chloride of 
cudcinm is the only combination thereof, which, at the dlf&iic^'Q&k 
7* 
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dernes of tempnanre which occur in practicil metalliiTgy, 
neither T->I:idIiz-'* n«>r dt:Oi>iiic*i>se^ unless anoCher agent be infio- 
ducrti. Utncr kno-^-a oi>cnbia:aii< *ci^ of ehlurine, as chloride of 
mazn^siam. deo>zu^'?<? evt^a :u the boUing-point of water; 
chit^hde oi aodium b^istm^s voiaciie at a coin|iaratirely low tem- 
peramre. 

Mr. Wmtzer therefore employs chlorine gas and chloride of 
calcium for the removal of pho«phon», m prooeeses of mehang 
om and in the trvatment c€ metsLUursical prodadB. He makes 
use of this gas and the salt in blast fuznaces, aa well aa in the 

Srocess nf puddling, refining, and re^-casting, and in any kind of 
imaoe and in all processes of melting, applying the gaa direct 
or adding the prepared salt (chloride of calcinm) in any oon- 
Tenient form : or, employing solutions containing muriatic add, 
with the simultaneous use of lime or calcaraons sobstanoes, by 
which process chloride of calcium is formed at ther moment of its 
application. Through the effect of chlorine g^u and chloride of 
calcium on pho»phAtio ores and metals, Tolatile combinations of 
phosphorus are formed, and thereby the phosphorus is removed. 
The process is as foUows : In smelting an ore of iron or other 
metal containing phosphorus as an impurity, the operator charges 
into the smelting-f umace, with the ore, chloride of calcium, in the 
proportion of from live to twenty-five parts, by weiffht, for each 
part of phosphorus found by analysis to be cdntainea in the ore; 
and, in other respects, the smelting operation, is conducted in the 
ordinary manner. The resulting metal will be found much mora 
free from phosphorus than if the ore had been smelted ¥rithoat 
the addition of chloride of calcium. In place of adding the 
chloride of calcium direct, lime and muriatic acid ma^ be mixed 
separately with the ore, or may be otherwise applied m combina- 
tion. It is more convenient, however, to employ chloride of 
calcium ready formed. Or, in place of employing chloride of 
calcium, chlorine gas may be used : the ^as may be mixed wltli 
air and forced as a blast throue^h the ignited charge in tiie ftir- 
nace, or the gas itself may be blown through the melted metal 
after it is tapped out of the furnace. The quantity of cdilorine 
thus applied should be from three to fifteen times the weight of 
the phosphorus contained in the ore or metaL Chloride of cidcium 
or chlorine may be applied in a similar manner when remelting 
iron or other metals, when it is desired to separate phoe|Aoni8 
therefrom. Phosphorus can thus be separatea tram all metals 
to which a strong red heat can convemently be applied ; more 
especially, however, it is applicable to the treatment of iron and 
copper. — Jdeehanics^ Magcutine. 

PURIFICATION OF IBOK FBOX PHOSPHOBUS AND SULPHUB. 

According to Dr. Adolphe Gnrt, of Bonn, Prussia, iron may be 

purified from phosphorus by means of silica. He asserts that if. 

In smelting phosplioriferous iron ores, enough sUica be included 

the fhrnaoo-charge to form a highly silicious slag, the phospho- 

I oontaiued in the ore will have its condition changed from the 
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crystalline state, in which, he says, *' it exists originally in the ore, 
to an amorphons state, in which it is readily eliminated from pig- 
iron daring conversion either into maUeable iron or into steel.** 
The same gentleman alleges that iron may be entirely freed from 
sulphur by means of lead. The lead '*may be applied," he says, 
** either to pig-iron which is to be puddled, either before or during 
the paddling process ; or to iron which is to be refined, or in 
process of being refined, in common refinery furnaces, or in re- 
verberatory furnaces ; or to pig-iron for castmg ; or to iron to be 
treated by the pneumatic process, for the production of either 
homogeneous iron or steel ; or to the materials used in mi^ng 
cast-steel by the pot or other process of melting." In any case 
the lead is to be added to the iron while the latter is in a molten 
state, and is to be *' brought by any suitable means as much as 
possible into contact with the whole of the melted iron." — M^ 
ekamc$* Magtuine. 

ON SODIUM AlCALGAMATIOIf. 

Mr. Heniy Wurtz publishes, in " Silliman^s Journal " for March, 
1866, a communication on the process of sodium amalgamation^ 
disoorered and patented by himself, which is of great practi- 
cal value in metallurgy and the arts. His invention consists in 
imparting to quicksilver a greatly enhanced adhesion, attraction, 
or affinity for other metals and for its own substance, by adding to 
it a minute quantity of one of the highly electro-positive metals 
sodium, potassium, etc. It is applicable in all arts and opera- 
tions in which amalgamation bv quicksilver can be made avail- 
. able to separate or extract gold, oUiver, or other precious metals 
fW>m tiieir ores — in all operations in which amslffamation by 
quicksilver, in ooi^junotion with reducing metals, sudi as iron or 
mnc, can be made available in recovering metals from their soluble 
or insoluble saline compounds ; such as silver from its sulphate, 
chloride, or hypo-sulphate; lead from its sulphate or chloride; 
^Id from its diloride or other solution— in the mercurializi^ 
Son of metoUic surfaces in general : for instance, in the amalgar 
mation of the surfiEU^es^f zinc in voltaic batteries ; of the surfaces 
of copper plates, pans, etc., used in the saving of Kold from its 
ores — in the more convenient transportation of quicEBilver, by the 
redaction thereof into solid forms. * 

From experiments made and reported by Prof. Silliman, this 
discovery has proved of great value in the extracting of gold from 
its ores. An interesting series of experiments with sodium-amal- 
gam, in the treatment of auriferous ores, has been conducted under 
uie superintendence of Prof. Silliman, and the results obtained have 
been highly satisfactory. He states that, having at his disposal a . 
considerable quantity of California ffold quartz from a mine in Cal- 
averas county, he proposed to Mr. Wurtz to subject these ores to 
his method of amalgamation, under conditions subject to control, 
both as expressing t£e actual value of the material experimented on, 
as well as giving the value of the results and the loss in the process. 
The crushmff and grinding was effected in the apparatus of Mr. 
Dodge, of New York; which, ddng its woik dr^j^ ^^««^ xKcistfBQai 
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1 1 -t i).-* r..r •'xw-tnf-^. The details obtained in these experi- 
!->• ijI-. :i« ui tbr- d'^rrpM* nf ^ommiuntion reached by this appantos. 
Jiiv#- 'H-ffj vi-n- far^-fuJJy worked out, bat are' reserved for a 
fiiTur*' cirunjurji'-aii'tn. Laving: no bearing on tiie subject nov 
>H ftirn u^. a]iijr*u;rh {tciifred to be of Tauie to the art of ore- 
«irt->-.iT]tr. Afi^T dHAiiinff the several experiments which were 
u^iij.^lJv ondud'd. lV<f<r<«or Silliman observes, that the expe^ 
iru* ijt» are fstill in profrrffi*. but the resolts ahowtfaat, with mt 
ai'it-d merc-un-. Uie p'*ld saved is less than nxtr per oent..of the 
wLolf* (juantJty of puld known to be present. In one ezpeziment 
I'.'N!' than f'^rty j^-r c^nt. was raved, while, by the aid <tfUie amal- 
gam of Mxiium the saving is increased to eij^faty per cent., or aa 
iiif'ivaMf of more than twenty per cent., leadug to the reaaonable 
exultation that, in the large way. at least eighty jper cent, of the 
p>i'i pre!<ient in a given c^ase may be saved, ud, m mauY casM^ 
winTi.' xhf i^dhl i& (i>ara>e and free, that even better resiutB than 
tiii!> may l>e atL^ini'd. The first experiment detailed, in which a 
diffident amal<rJiu:itin^ appar3tu.« was used, gave results surpris- 
ingly close. lie does not think the barrel as good a form ol' ap- 
parat4i5 for tiiis description of amalgamation as some one of the 
ijumerr>u9 forms of pan now in use. It was employed in these 
ex|i«'riment4 simply because it was a convenient means of treat* 
iiig small rjuautitie.^ of ore in making comparative experiments. 
Kxjieriments in California, imder lus direction, have been set on 
f<M>t ujion a scale of matrnitude adequate to test the value of this 
diMy^vcry, in the nictallur^- of goid, in a satisfactory manner, the 
results of which may now'l>e looked for at no distant day. With 
ri'friird Uy the mode in which the sodium acts. Professor Silliman 
remarks that the action of the sodium iu this case appears to bo 
in a manner electrical, by placing the mercury in a highly elec- 
tro-positive cfinditi(»n tovrards the electro-neg^ve gold, seeming 
t<> give scjme reasr>n for the term magnetic amal^m, adopted br 
Mr. Wurtz, as the trade-mark of the alloy. The quantity of 
Ko<ljum is entirely t^jo small to allow of the supposition that it 
acU by its chemical affinities. It is well known to chemists that 
the metallic sulphides are decomposed by amalgam of sodium; 
• I T^ u"*' »"PP'''*<^« t*>a* an inventor could bo found so Quixotie 
IU Ills chemical notions as to seriously propose the use of sodium 
ariial;rjini us a means of efft.*cting the reduction of the sulphides 
oi fcJlver, etc., since not less than one equivalent of sodium would 
ill '■^'i"!'*^ ''^ 8<Jt at liberty one equivalent of silver. The use of 
fm».!? 11 amalgam for sUver amalgamation must depend, if 
f m . L";* u? u"""".*/?* '^"^ ^^^ ^arge way in the sUver reduction 
i'u'i'lZ.S '^^ ^**" remains to be proven), upon a like power of 

'! I?"*'-*' '*^<^'^n to that seen in Ita af^inn nn ^W -ml «^C. nn tJiA 



i««!rciny, or on 



wt.ll Ln,.,., ^ *"?* ^^^^ '^^ its action on gold, and also on the 

wtji-known rK)wer of preventing Uie granulation (flouring) of 

_ »0(i 

» ^»«H, b» irmnXf!:'' •%T-^ "*"''• ''^ «^«'7 mill-man knows to 

from tho i-Se, ^ft'*"'l*'i*'PI^''^ *''^m tl»e pla^s of the battfliy, 

"«o lUHcs, after it has been formed. If this granulation 



Hmt.; 7«'mr!L!iy'"? ^^t mercui7 when thus changed. In«feed. 
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takes place, it ia ahnoat impossible, bj the existing modes of 
amalgamation, to recover uie minute particles which float off 
with the currents of water, and are lost. The action of the sodium 
in recovering the mercury which has passed into this condition is, 
perhaps, its most remarkable propeity. — Mining Joumalf 1866. 



SOraUX AlCAJLQAX. 

• 

This is now likely to be superseded by a far less expensive, and, 
it appears, not less useftd material. Caustic soda has not only 
been found quite as effective as sodium am^gam, but it is contested 
that the sooium in the amalgam actually assumes the form of 
caustic soda before producing its effect. A veiy simple experi- 
ment will show the efficiency of the soda. If a finely ^pulverized 
metallic powder is thrown into water, no amount of stirring will 
cause it to fall to the bottom of the vessel ; it is rendered specifi- 
cally lighter than the fluid by the coating of air which adheres to 
it. But if a very small quantity of caustic soda or potash is added, 
it wiU soon descend from the surface to the bottom. It is sup- 
posed that the minute particles of mercury also, and of gold, are 
prevented from coming into contact by a coating of air, which the 
alkali removes in a way not yet ascertained. &e potash or soda 
must not be allowed to lose its causticity by exposure to the air, 
or it will be ineffective, having become a carbonate. — IiMleciual 
Observer, 8epi,, 1866. 

SIMPLE MODE OF MANUFJKTUSINa SULPHUBIC ACID. 

The necessity for lar^ and costlv leaden chambers has rendered 
the manufacture of su^huric acid both troublesome and expeur 
sive. A method of producing it, in which the use of leaden 
chambers is dispensea with, not only greatly facilitates the pro- 
cess, but affords a product which possesses the important advan- 
tage of being altogether free from contamination by lead. Should 
it be found to answer for industrial purposes, it will constitute a 
very important improvement on the method so long in use. It 
consists in transmitting the acid fumes, formed in the ordinary 
way, through a series of earthenware cylinders, which are piled 
up and arran^d in such a wa^ as to form a number of column i^ 
filled with coke, and communicating with one another. Straw is 
introduced into them as required ; and the acid vapors being con- 
densed hj the coke, they trickle down into a reservoir placed 
beneatli for the purpose of receiving them. The acid liquid thus 
obtained is concentrated in tiie ususu way. 



NEW SAFETT LIGHT FOB COAL MIKES. 

MM. Dumas and Benoit have been making some experiments 
in the French collieries on the application of electricity as an 
illuminating power in ** fiery '*'' coal mines. Voltaic electrioitv has 
been proposed on several occasions, as a means of givin 
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tho collier in dangerous Dlaoes ; but, under the ordinary condi- 
tions, it has not been found practicable to employ it. Dumas and 
licnoit proi3<)se to apply lUiumkorff^s coil machine and (Teissier's 
tuiios ; to UHO, indeed, those tubes, with their beautifhl auroral 
light, as a miner^s lamp. 

Y\ui tuhii, it id now generally known, is filled with some highly 
rarcfiud gas, and platinum wires are hermetically sealed into the 
ondri. Wluiu the discharges from a Rhumkorfirs coil apnkratus 
ant passed through this tul>e, it becomes filled with a mild, dmnsive 
light, which lasts as long as tho discharges pass through the rare- 
fied medium. This liglit is unaccompanied by heat; it cannot, 
therefore, under any circumstances, explode the fire-damp of our 
coal mines. 

This new *' safety lamp ** consists essentially of a cylindrical zinc 
vessel about six inches high and four inches in diameter, which 
encloses a porous vessel holding a cylinder of carbon. A solution 
of the bichromate of |K)tash is placed within the porous cell, and di- 
lute sulphuric acid without it. This battery is secured by a wooden 
cover, which is, by means of India-rubber packing, made to fit 
close] V. Then there are a RhumkorflTs coil and condenser, and a 
Geissfer^s tul)e. Tliis tul>e is arran^d into a conical coil, so that 
a large surface of light is secured within a small space. Of course, 
tho o})jection to this will be the cumbrous character of the machine 
and its adjuncts. Dumas and Benoit think they have answered 
this objection by the very ingenious arrangement which tlicy have 
secured. We are assured that the weight of the glass case does 
not exceed two i)oun(1s, and that of the other parts of the apparsi- 
tufl is not more than twelve ponntls. That there are many advan- 
tiiges in tliis electrical lamp cannot be denied. But we doubt if 
so delicate a machine can be entrusted to the hands of colliers. 
Under circumstances of danger, such a lamp as this would prove 
of the highest value. As Dumas and Benoit are making prsiictical 
triiUs of their ** cold light," as tliey call it, we shall, u they are 
8U(*cessful, hear more of tliis interestin<^ application. 

The Institute of France has given tne inventors a prize of one 
thousand francs for the ingenuity of their plan. We understand 
that some trials have been made in tho Newcastle collieries. Tho 
o}>jection raised by tho miners is, that the light is a "glinMner,"— 
not a steady illumination. — Reader. 

HYDRAULIC MACHINB FOB CUTTING COAL. 

This machine, by W. E. Carratt, has now been at work for two 
years. It does not dispense with labor, but it performs the under- 
cutting, whicli was a most laborious operation, either in tho end 
or fiice of the coal, in a more eilicieut and economic manner 
than the miner can do it himself. By it the size of the coal is im- 
pn)ved, the amount of shick reduced, and a single seam will 
yield more by one thousand tons of coal per acre, than when 
worked by hand-labor. The machine undercuts its *• holes," or 
•* kirves," with one man and one boy as attendants, and completes 
the work, with once going over, at the rate of fifteen yanls per 
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hour. Each machine uses thirty gallons of water per minnte, at 
about three hundred pounds pressure, according to the hardness of 
the substance to be acted upon. The machine, when in operation, 
fixes itself dead fast upon the rails during the cutting strike, and 
releases itself at the back or return stroke, and traverses forwards 
the requisite amount for the next cut without any manual labor. 
No percussive action results from the machine, either against 
the roof or into the co^, but«imply a concentrated pressure, pro- 
ducing a steady reciprocating motion, at fifteen strokes per minute. 
There is, consequently, no dust nor noise, and little wear and 
tear. For the same reason, when cutting pyrites, the tools throw 
out no sparks, and the workmen can hear any movement in the 
coal or roof. The price of a machine, a working model of which 
is at the Industrial Exhibition, is stated to be £125. 

8TEAK FIBE-FBOOF SAFE. 

Rev. Rufns S. Sanborn, of Wisconsin, exhibited to the Massa- 
chusetts Institute of Technolog}% in December, 1866, and described 
a model of* a steam fire-proof safe, of his invention. The nature 
of this invention consists in placing one or more boxes, or unfilled 
safes, one within the other, the outside case being filled or other- 
wise in the ordinary wa^, and these inner boxes detached from 
one another and the outside case by means of flanges or spurs, so 
as to form air-chambers all arouna said inside box or boxes, and 
into these air-chambers are inserted metallic vessels for holding 
water, with simple steam-valves, which will be opened so as to 
allow the steam to escape when the heat of the inside of the safe 
sh&U become sufficient for that purpose. 

This steam saturates the air-chambers, and its surplus escapes 
by the doors, so as to keep the temperature of the inside of the 
safe about that of boiling water, in wmch temperature none of the 
papers of the inside box can either bum or char so long as any 
steam can be maintained. 

By a peculiar arrangement of a succession of these vessels, one 
exhausts after another, and thus for a long time there is the most 
complete protection, in addition to the other protection which the 
filling ana air-chambers afford. He gave a history of the experi- 
ments which had led to the above result, and stated that the safe 
was soon to have a public trial. In an ordinary-sized safe| the 
moist filling would save an hour in absorbing heat before the heat 
could penetrate to the interior. Such a safe woiijd hold fifteen 
gallons of water, which, under th6 arrangement described, would 
take a very lon^ time for the entire escape of the steam. 

At a trial held soon afterward, this safe was submitted to a heat 
so intense as to melt the knobs on the door, and was kept exter- 
nally red hot for nearly four hours : papers in the interior were 
taken out entirely uninjured, and only a gill of water vaporized ; 
while those in a safe by one of the best makers, submitted to the 
same trial, were badly changed, jis well as the whole interior wood- 
work, and in another hour would have been destroyed. 
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A BBMAREABLE SOLTENT. 

It is now discovered, it appears, that if a piece of comer be dis- 
solved in ammonia, a solvent will be obtained, not only forlignine, 
the most important principle of all woody fibre, such as cotton, 
flax, paper, etc., but also n>r substances derived from the animal 
kingdom, such as wool and silk. By the solution of any of these, 
an excellent cement and water-proofer is said to be formed ; and, 
what is eanally important, if cotton fabrics be saturated with the 
solution of wool, they will be enabled to take the dyes, such as 
the lac dve and cochineal, hitherto suited to woollen goods only. 
Hydriodide of ammonia, we may also observe, was not long since 
discovered to be an equally remarkable solvent of the most refrao- 
tory, or, at least, insoluble mineral substances. Kow it is an inter- 
esting circumstance that ammonia, according to Van Helmont, 
and other old chemists and alchemists, was one of the requisite 
materials in the formation of the " alkahest,^ or " oniverral sol- 
vent," of the ancient sages. 



THE MAONESIUlf LAMP. 

A lamp for the purpose of burning the wire has been invented by 
Mr. A. Grant. He seeks to make magnesium cheaper' than the 
best stearine, and states that by burning a strip of zinc in conjunc- 
tion with two strips of magnesium, he is able to reduce tiie cost 
of the light two-^irds. He even predicts that mamesium will 
become as cheap as zinc, and that in the course of time it will be 
possible to illuminate a street a mile long at the rate of a half- 
penny an hour. It is not a small thing to be able to record that 
photography is no longer dependent upon the action of the sun. 
The va}ue of magnesium as an illuminator for the purpose of 
** signallings^ is obvious. The portable nature of the contrivance, 
and its perfect immunity from risk of explosion, toother witii 
some other evident advantages, render its vivid light Si the more 
practically valuable. It may be used with advantage on the 
staj^e. — Civil Engineers' and Architects'* Journal^ Jan,, 1865. 

Four wires, weighing three grains per foot, each burning at the 
rate of eight inches per minute, or eight grains in that time, give 
a light equal to two hundred and eighty-eight sperm candles, or 
twenty-one and one-quarter Argand gas-burners. At this rate of 
consumption, one ounce of wire, costing six dollars and fiffy cents, 
would last an hour. — Franklin Jounuu, Nov,, 1865. 

SevenJ arrangements have been devised, more or less ingen- 
ious, to bum the metal in the form of wire or ribbon ; but the 
great difficulty in all such arrangements has been, that it required 
clockwork to feed it forward. In order to avoid this difficulty, 
Mr. Larkin, after many trials, has succeeded in constructing a 
magnesium lamp, a specimen of which we describe. The ois- 
tinguishing peculiarity of these lamps is, that they bum magne- 
viom in the form of powder, instead of ribbon or wire ; and that 
they do not depend on clockwork or any similar extraneous mo- 
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tive-power for their action. The metallic powder is contained in 
a large reservoir, having a small orifice at the bottom, through 
which the powder falls simply bv its own gravity, like sand in an 
hour-glass. In order that a sufficient orifice may be used, and to 
facilitate the steady flow of the powder, it is mixed with a quan- 
tity of fine sand orother diluting material, the proportion of pow- 
der to sand being varied according to the amount of light re- 
quired. After leaving the orifice of the reservoir, the stream of 
metallic powder and sand falls freely through a metal tube, into 
the upper end of which a small stream of ordinary gas is also 
introduced. The mingled streams of powder and of gas thus flow 
down the tube and escape together at its mouth, where they ara 
i^ited, and continue burning with a brilliant flame as long as 
the supply of gas and metal is maintained. As the metal becomes 
consumed, the sand with which it was mixed falls harmless into 
a receptacle provided for it, while the fumes are entirely caiTiod 
away by a small tube-chimney into the outer atmosphei*e. Im- 
mediately below the orifice, there is a valve, to either reflate the 
quantity, or entirely ari'est the flow of the metallic powder, which 
valve may be opened and shut at pleasure. When it is desired 
to light the lamp, the gas is first turned on, just sufficiently to 
produce a very small jet at the mouth of the tube, which small jet, 
being onae kindled, may be allowed to bum any convenient time» 
until the moment the magnesium light is required. All that is 
then needed is to turn on tSe metallic powaer, which instantly de- 
scends and becomes ignited as it passes through the burning gas. 
This action of turning on and off the metallic powder maybe re- 
peated, without putting out the gas, as often and as quicklv as 
desired ; so that, in addition to the ordinary purposes to which 
lamps are applied, an instant or an intermittent light of great 
brilliancy, suitable for signals or for light-houses, may be very 
simply produced wiih certainty of effect, and without the smallest 
waste of metal. Mr. Larkin explained that the lamp could be 
made to suspend from the roof, in place of an ordinary gas sun- 
light, and arrangements could also be made for its use in signals 
and for light-houses. The greatest difficulty was the price of the 
metal ; but only about four years had elapsed since the produc- 
tion of the metfd in any quantity by Mr. Sonstadt, and the 
demand for it hitherto had been a flEtncy one. Mr. Larkin said 
that the cost of burning ma^esium in the lamp which he exhib- 
ited would, at its present pnce, be about £1 an hour, and that no 
difficulty whatever was experienced in reducing the magnesium 
to powaer. — British Association Beport, 1866. 

FABAFFIN FOB WATER-FBOOFING. 

About three years ago, Dr. Stenhouse took out a patent for ren- 
dering leather and various textile and felted fabrics water-proof, 
by means of paraffin ; it was found, however,' that paraffin alone, 
especially when applied to fabiics, became, to a considerable ex- 
tent, detached from the fibre of the cloth after a shoit time, ow^ 
to its great tendency to crystaUize. The \)Ye&<iTie^^\io^^'s« 

8 
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even a small quantity of drying-oil eanses the paraffin to adhere 
much more firmly to the texture of the clothe from the oil gradu- 
ally becoming converted into a tenacious resin by absorption of 
oxygen. Paraffin is now first melted with the requisite quantity 
of drying oil and cast into blocks ; it can then be applied to fab- 
rics, oy rubbing them .over with a. block of h, either cold or 
fently warmed ; or the mixture may be melted and laid on with a 
rush, the complete impregnation bking effected by subsequently 
passing it between hot rollers. When applied to doth tiius, it 
renders it very rcpellant to water, though peirions to air. Cloth 
paraffined in this manner forms an lexceUent basis for such arti- 
cles as capes, tarpaulins, etc., which require to be made quite 
impervious by subsequently coating them with dijing-oil, the 
paraffin, in a great measure, preventmg the iigurioos inmience of 
drying-oil on the fibre of the cloth. The mixture can also be 
very advantageously applied to the various kinds of leather ; one 
of the most convenient ways of effecting this is to coat the artii- 
cles with the composition, and then to gently heat tiiem until it is 
entirely absorbed. When leather is thus impregnated, it is not 
only rendered perfectly water-proof, but also stronger and more 
durable ; boots and shoes are rendered very firm withoat losing 
their elasticity; it therefore not only makes them exceedingly 
durable, but does not interfere with their polish, whicht on the 
whole, it rather improves. The superiority of paraffin over most 
other materials, for some kinds of water-proofing, consists in its 
comparative cheapness, in being easily applied, and in not mate- 
rially altering the color of fabrics, which, in the case of li^t 
shades and wnite cloth, is of considerable importance. — PracUeal 
Mechanics* Journal, April, 1865. 

LINOLEUM MAlOTFACrnTRB. 

The manufacture of this new and interesting material, which 
threatens to rival the India-rubber trade in the multiplicity and 
utility of its application, is based on the invention of Mr. fVed- 
eriek Walton, whose patents are now worked by the Linoleum 
Manufacturing Company at Staines, and 45 Cannon Street, West 
The word linoleum is derived from linum (linseed^ and oUum 
(oil), from which products the new substance is maae. The lin- 
seeu oil of commerce is solidified or *^ oxydized " by the absorp- 
tion of oxygen, by which process it becomes changed into a semi- 
resinous substance. It is then combined, at a strong heat, with 
resinous gums and other ingredients; and the substance thus 
obtained has all the appearance and many of the properties of 
India-rubber. 

Those who are conversant with the uses of the pliable elastic 
gums readily perceive the wide field of usefulness that any 
material possessing such properties is designed to occupy, more 
especially as the price of the new substance is much lower than 
"ndia-rubber or gutta-percha. Linoleum can also be dissolved 

ito a varnish or cement in the same manner as India-rubber, and 

i tius form can be employed ii\ the mauvifaAtute of material for 
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water-proof clothing. As a yamish or paint for protecting iron 
or wood, or for coating ships^ bottoms, it is said to be admirably 
adapted, as it dries rapidly, in fifteen or twenty minutes, and ad- 
heres with singular tenaci^. As a cement for uniting substances, 
such as-wood with iron, or wood with wood, it is ve^ effective, 
and has similar properties to the marine ^lue made m)m India- 
rubber and shellao. Singularly enough, linoleum can also be 
vulcanized or hardened by exposure to heat. By this means it is 
Inade as hard as the hardest woods, and rendered capable of re- 
ceiving a high polish without the aid of yamish or any other 
extraneous substance. In this condition it can be filed, planed, 
or turned as easily as wood, and employed in many of the vari- 
ous ways for which wood is used. Or it can be moulded in heated 
dies to any desired form, as, for example, flax-spinnersVbosses, 
sheaves for ships* blocks, surreal-instrument handles, picture 
frames, mouldings, veneers to mutate marble, ivory, ebony, and 
other woods. Combined with emery, it forms a grinding-wheel 
having extraordinary cutting or abrasive power. Very dissim- 
ilar are some of the uses to which the new substance can be 
applied. Carriage-aprons, cart-sheeting, sail-covers, reticules, 
tarpauling, printers* blankets, gas-pipes, telegraph supports, 
washable felt carpets, table-covers, paints for carriages or for 
printing floor-cloth, or enamels of any color for enameling pa- 
pier-mach6 or metals. These are only some of the many uses to 
which linoleum may be applied. 

The manufacture has, however, hitherto been chiefly confined 
to the development of the floor-cloth trade, for which the new 
material has proved itself well adapted. Linoleum floor-cloth is 
produced by combining the linoleum with ground or powdered 
cork, which is rolled on to a stout canvas, the back of the canvas 
being afterward water-proofed with a cement or varnish made 
from the solidified or oxydized oil, before referred to. The com- 
bined fabric so manufactured is then printed by means of blocks, 
in every yariety of pattern, in the ordinary way. The floor-cloth 
thus produced is pliable, and comparatively noiseless to walk upon. 
It washes well, preserves its color, and can be rolled up like any 
ordinary carpet. Besides being very durable, — the component 
parts being almost indestructible except by fire, — it will not de- 
<sompose by heat or exposure to the sun or air, as is the case with 
India-rubber. It is therefore better adapted than that substance 
for hot climates. To the chemist, engineer, and manufacturer, 
linoleum offers quite a new substance for experiment; and, no 
doubt, as it becomes better known, the various uses to which it 
may be applied will be more fully developed and appreciated. 
The patentees, we understand, are prepared to grant ucenses for 
the manufacture of some of its applications, such as varnishes, 
cements, and the hard compounds above mentioned. Important 
results may, therefore, follow the introduction of this new and 
valuable substance.** — Mechanica* Magazine, 
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j^erature of 340^ Fahr., it is oonsamed, without flame, being decom- « 
posed and passing off as dense smoke, leaving bat a dark colored 
ashy residue behind. It is now bemg manufactured for a variety 
of purposes, and is daily becoming more extensively known. — 
Mining Journal, 

At the 1865 meeting of the British Association, Mr. Owen Ro- 
land read a paper on Parkesine. This substance derives its name 
from its inventor, Mr. Alexander Parkes, of. Birmingham, -£ng. 
It is used for a great variety of purposes, and possesses properties 
akin to gutta-percha and India-rubber, and may be mside easily 
into any shape and of any color. Gun-cotton is used in its manu- 
£EM3ture as a baris ; but many other materials are also introduced, 
solvents, oils, cotton-waste, etc. Cotton, not readily explosive, is 
the most desirable ; chloride of zinc is idso used to prevent rapid 
combustion. The solvent, invented by Mr. Parkes is applicable 
chiefly for Indiarrubber solutions, gutta-percha, and a number of 
ffums. The several varieties of !^rkesine are made by mixing 
uiese substances in definite proportions. Mr. Roland considered it 
more valuable as an insulating material than India-rubber, gutta- 
percha, or any other combination hitherto used for this purpose. 
It is enormously strong, being capable of supporting a nule of its 
own weight, while it possesses the great qualification of being 
joined, in case of fracture, with a strength equal to the originiu 
substance. It i& not affected even by aci£; and immersion in sea- 
water four years did not deteriorate its qualities. In dry heat, at 
212^ Fahr., it remains electrically perfect, and it is not softened*at 
even a l^gher temperature. 

INDIA-BUBBEB FOB MABINE GABLBS, 

At the Nottingham (1866^ meeting of the British Association 
for the Advancement of Science (Section of Physical Science), 
Mr. Hooper read a paper on the electrical and mechanical prop- 
erties of his India-rubber for submarine cables. He reduces the 
general coatings of India-rubber by means of heat to oue perfectly 
omogeneous coating, separated by a film of vulcanized India- 
rubber. The advantages claimed are, durability and resistance to 
mechanical injury, permanency of insulation at high temperatures, 
impermeabili^ under long immersion and pressure in water, free- 
dom from defects in manufacture, and high state of insulation 
with diminifi^ed induction. One hundred and fifty miles of this 
wire have beenjsent to India, and the insulation per nautical mile 
is about forty lames better than that of the Persian Gulf core. 

PAPEB FBPX WOOD. 

The manufacture of white paper from wood is now quite a 
success at the Mana3runk Wooa-pulp Works, Pennsylvania. The 
wood used is that of the Liriodendron tuHpifera^ Linn., in Tulip 
poplar, and Abies canadensis^ Michx, or Hemlock spruce. It is 
brought to the works as ordinaiy cord-wood, and is cut into chl^a 
by means of two immense machines bavms cNiXXfisn^ «d:X&f^^ v^ 
8* 
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rotatorr disc!!, cspAble of cutting thirty to fortr conls fif wood in 
twenty-four hours. These chips are conveyed in wa^irons to the 
boilin<r*house. and placed in boilers, where the reduction to pulp 
is effectetl. The pulp thus reduced is then conveyed to imlp- 
cngintfs, is workea in these en^nnes, and run throo^ cleaning- 
machines. From the cleaning-machines, the pulp is taken to the 
bleaching-house. After having been bleached, it is then ready to 
be made into paper, in the same way as other pulp. Excellent 
white printing piiper, very good for newspapers, and at a price of 
three cents per pound less than is charged for the same quality 
of paper made nrom rags, is manufactured firom this jpulp at the 
Flat-rock Paper Mills, adjacent to the pulp-works. The wood- 
pulp must, however, be mixed with about twenty per cent, of 
straw-pulp, this mixture improving the quality^ of the paper. 
These works have been so successful that tne price of paper for 
newspapers has declined three cents a pound since they have been 
in operation. This is a very great step in the progress of those 
arts which contribute so greatly to our comfort and civilization. 



PROCESSES FOB PBESEBVINa MEAT. 

In an official report laid before Parliament on the preparation 
of beef in South America, for the English market, three methods, 
proposed by Prof. Morgan of the Royal College of Surgeons in 
Dublin, Baron Von Liebig of Munich, and Mr. Sloper of Lon- 
don, are to effect this end. 

Mr. Morgan^s process is based on forced infiltration, using the 
circulatorv system of the body as a means of introduction into the 
tissues of'^the animal, by injection, as detailed in the "Annual 
of Scientific Discovery" for 1866, pp. 52-63. The process is simple 
and efficacious ; by it an ox can be preserved in ten minutes, usmg 
from twelve to fourteen gallons of the fluid. 

Liebig^s process differs essentiaU^ from the former ; for the meat, 
instead of being preserved whole, is reduced to an essence, to be 
used in leaking soups. The concentration is carried to sach an 
extent that thirty-three pounds of meat are reduced to one pound 
of essence, and the alimentary matter of an entire ox is contained 
in eight pounds of this preparation, making over one thousand 
basins of good strong soup. 

It is a question of some importance whether cattle driven to the 
pen in a semi-wild state, which are thrown into a violent state of 
excitement on the approach of man, can afford nutritious meat, 
and can be salted without parting with by far the ^eater portion 
of such nutriment as they contain, and becoming aLnost valueless 
as food, if not altogether unwholesome. 

Another attempt is being made to bring to Europe the immense 

supply of good moat wasted in South America. Mr. Liebert of 

Hamburg has attempted the manufacture of Liebig^s " extractum 

csaniis ** at Fray Bcntos, in Uniguay, and sends home about 4,000 

inds yearly, lie is now inci*easing his eistablishments, has coh- 

dad a contract with the British Admiialty^ and hopes soon to 
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sapply the extract at sixteen shilling a pound. Each pound is 
the equivalent of one hundred and thirty pounds of meat, and will 
furnish broth for one hundred and twenty-eight men. The ex- 
tract in its best state is absolutely free from fat or gelatine, and is 
now used very largely in continental hospitals. 

The process for preparing *' extractum camis," given in Lie- 
big^s ** Familiar Letters on Chemistry,^^ is as follows : Chopped 
meat, deprived of all fat, is boiled for half an hour with eient or 
ten times its weight in water, which sufSices to dissolve ful the 
active ingredients. The decoction must, before it is evaporated, 
be most carefully cleansed from all fat (which would become ran- 
cid), and the evaporation must be conducted in the water-bath. 
The extract of meat is never hard and brittle, but soft ; and It 
strongly attracts moisture from the atmosphere. The jjoiling of 
the meat in the first instance may be carried on in clean copper 
vessels ; t^ut for the evaporation of the soup, vessels of porcelain 
should be used. Liebi^^s process for making beef-tea is as follows : 
Baw beef (recently kiUed) one-half pound, distilled water twenty- 
two and one-half ounces, common salt fifty grains, dilute hydro- 
chloric acid sixteen drops ; macerate the beef, chopped very fine, 
in the water, etc., for an hour and a half; strain on tlirough a fine 
hair-sieve ; take two tumblers daily. 

The foUowing letter from Baron Liebig is taken from the ** Lon- 
don Lancet " : — 

** Sm, — I see that rather contradictory views are expressed by 
different English writers on the value of the extract of meat, some 
taking it to be a complete and compendious substitute for meat, 
whilst others assert that it has no nutritive value whatever. The 
truth, as is usually the case, lies in the middle ; and as I was the 
first who entered more fully into the chemistry of meat, I may be 
allowed shortly to state the results of my investigations, as far as 
the extractum cai^iis as a nutriment is concerned. 

*' Meat, as it comes from the butcher, contains two different 
series of compounds. The first consists of the so-called albumi- 
nous principles (». e., fibrin and albumen), and of glue-forming 
membranes. Of these, fibrin and albumen have a mgh nutritive 
value, although not, if taken by themselves. The second series 
consists of crystallizable substances, viz., creatin, creatinin, sarcin, 
which are exclusively to be found in meat ; further of non-crvs- 
tallizable organic principles and of salts (phosphate and chloride 
of potassiunn . All of these together are called the extractives of 
meat. To this second series of substances beef-tea owes its flavor 
and efficacy ; the same beins the case with extractum camis, which 
is, in fact, nothing but solid beef-tea, — that is, beef-tea fh)m which 
the water has been evaporated. Besides the substances already 
mentioned, meat contams, as a non-essential constituent, a vary- 
ing amount of fat. Now, neither fibrin nor albumen is to be found 
in the extractum camis which bears my name ; and gelatine (glue) 
and fat are purposely excluded from it. In the preparation of the 
extract, the albuminous principles are left in the residue. This 
residue, hj the separation of all soluble principles, which are 
taken up m the extract, loses its nutriUve ^N9«c^ ^xl^^mdcm 
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made an article of trade in any palatable form. Were it possible 
to fumUh the market at a reasonable price witli a preparation of 
meat combining in itself the albominoos together with the ex- 
tractive principles, such a preparatlun would have to be preferred 
to the extractum cam is, for it would contain all die imtntiYe ooo- 
atituents of meat. But there is, I think, no prospect of this being 
realised. Happily, the albuminous principles wanting^ in tiie ex- 
tract of meat can 'be replaced by identical ones deriTed fkt>m the 
vegetable kingdom, at a much lower price. Just the reverse is 
the case in regard to the extractive matters of meat, for ftiieir 
«alts excepted) it is impossible to find any snbstitate for mem. 
On the ouier hand, they may be extracted from the VMSfA, and 
brought into the market in a palatable and durable form. In con- 
junction with albuminous principles of vegetable origin tiiey have 
the full nutritive effect of meat. From the extract i v e matters, then, 
contained in extractum camis in a concentrated form, th^ latter de- 
rives its value as a nutriment for the nations of Europe, provided 
It can be produced in large quantities and at a cheap rate from 
countries whore meat has no value. 

" The albuminous principles of vegetable origin are principal^ 
to be found in the seeds of cereals ; and tiie European markets are 
sufSicicntly provided with them. On the otiier hand, the snj^dy 
of fresh meat is insufficient ; and this will get worse as the popula- 
tion increases. For an army, for example, it will not be aimcnlt 
to provide and store up the necessary amount of grain or flour. 
Su^r, too, as well as fatty substances and the like, will be procur- 
able, tiieir transport and preservation offering scarcely any diffi- 
culty. But there may easily occur a deficiency of fresh meat. 
Salted meat but inadequately replaces fresh meat, because, in the 
process of salting, a large quantity of the extractive principles of 
the meat is lost ; besides, it is well known that those who five oa 
salt meat for a continuance become subject to different diseases. 
Dried meat generaUv means tainted meat, scarcely eatal)Ie. Ex- 
tractum camis, combined with vegetable albumen, enables us to 
make up the deficiency ; and tiiat combination is the only one at 
our disposal. What was said of an army also holds good of those 
European nations in general that do not produce a sufficiency of 
meat. By making the most of the herds of South America and 
Australia, in using them for the preparation of extractum camis, 
and by the importation of com froi& the West of the United States 
and other corn-growing countries, the deficiency may be made 
up, although not to the full extent. For, supposing ten manufao- 
torios, producing together ten million pounds of extract of meat 
from a million oxen or ten millions of sheep, that whole quanti^ 
would provide the population of Great Britain only with one 
pound yearly for every three persons ; that is, one pound a day 
for every eleven hundred persons. 

** I have before stated that, in preparing the extract of meat, 
the albuminous principles remain in the residue : they are lost for 

I nutrition, and this ceitainly is a great disadvantage. It may, 
iver, be foreseen that industrial ingenuity will take hold of 
problem and solve it, perhaps by a cicQuitous roftd. For if 
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this residue, together with the bones of the slauehtered beasts* 
be applied to our fields as manure, the fanner will be enabled to 
produce a corresponding quantity of albuminous principles, and 
to better supply our towns with them, either in the shape of com 
or of meat and milk. Made into a marketable state, it may here- 
after replace the Peruvia'n guano, which very soon will disappear 
from the market. 

*' On the value of extract of meat as a medicinal substance, it 
is unnecessary to say a word, it bein^ identical with beef-tea, 
about the usefulness and efficacy of which opinions do not differ. 
At t^e same time, I may remark that it is a mistake to think that 
beef-tea contains any albumen, that there ought to be any gela- 
tine or drops of fat to swim on its surface. Beef-tea does not 
contain any albumen, and, if rightly prepared, ought to be free 
from gelatine (or glue), whilst tae supernatant drops of fot tornx 
a non-essential, and, for many, an unwelcome addition. 

'* I should be glad if these lines could assist in clearing up pub- 
lic opinion on the value of extract of meat as a nutriment ; my 
aim being, on the one hand, to reduce to their right limit hopes 
too sanguine ; on the other, to point out the true share which the 
extract of meat can have in the nuUition of the people of Europe. 
In doing this, I know full well that whatever may be said for its 
recommendation would be in vain, if the extract of meat did not 
supply a public and generally felt necessity, and if it could not 
stand the test of our natural instinct, — a judge not to be bribed. 

** I am, sir, your obedient servant, 

«« Justus Liebio. 

**Mumch, November, 1866.'» 

In a letter to the *' London Journal of Pharmacy,^ written by 
Liebig, the following remarks occur: — 

'* It has been observed that the color and taste of the Fray Ben- 
tos Extract vary ; this is owing to tlie difference of sex and age 
of the animals. 

'* The meat of oxen always yields an extract of daiicer color 
and stronger flavor, reminding somewhat of the flavor of fresh 
venison — pleasant when diluted. The extract of cows* meat is 
of lighter color, and a mild flavor, and is preferred by many per- 
sons. The meat of animals under four years cannot be nsea for 
the manufacture of extract ; it yields a pappy extract of weak 
taste, like veal, and witCout flavor. 

*' According to the predominance of ox or cows* meat, the color 
and taste of extract varies, which is by no means a fkult of the 
manufacturing process, and is fully explained by the preceding 
remarito. The extract of ox meat is, however, richer in creatinia 
and sarcin than the cows* meat extract. 

'*It is extremely difficult, as regards extracts of meat, — the 
genuineness and purity of which are not discoverable by the eye, 
— to protect the public against fraud. All manufacturers prepare 
their extract according to what t^ey call * tAebi^s process ; ' but 
since I have ffiven only general, and not special, direction' 
manufiEtcture, it so happens that every one fllla in U^ ^^s^ukSi 
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** Tlttffe exids omlj two special directioM for ttie mamifiustare 
of cxtnu:t of meas.-Aiie ow in the ** BaTsnui FhunMooiNi^'* the 
other in the '*FhuiMH9QiMBiaG<nnDie»'*; baft then dimotioDS an 



The remeiBiBg prooe«, petented hj Mean. If oGeQ ft Skper, 
profeuea to preaenre meat in its finefth or rew etatev mnrmng at 
market in the exact condition oi butchers' meat jnat killed, but 
with an additional advantage oi keeping twioe as loii|^ as ordh 
■ftrj meat, after being exposed to the air. 

llie following Is a copT of the spedficatioii taken firom Ab 
£ngiiah Patent OAcae. an^ poUiahed in the ^Scientifio Amei^ 
lean": — 

••Oar improrementa relate to preserring firedi meaft» poohzj, 
came, and fish. We treat aoch food in one or other of the fol- 
k>wing methods : We immerse in or anrroand the meat for a 
■hort time, say from ten to fifteen minntea, more or leas, with a 
eolation of bisulphite of aoda or potash, in the caae or veaael in 
which it is to be preserved, and which moat be capable of bemg 
made, air-tight. By this inmiersion we remoTe the air whii£ 
filled the Tacant spaces in the case ; we dien withdraw the BcAxt' 
tion and replace it b^ carixmic add gas. We repeat theae hmno^ 
slons and supplies of ^as occasionally, aa required. We introduce 
into the case containing the food a regulated quantity of dilute 
aulphuQpus acid, and an equivalent quantity of carbonate or bicar- 
bonate of soda, or potash, separately. The acid and alkaline ss^ 
do not come into contact until the case is hermetically closed, 
when they are brought into contact by a^tation, and the liquid 
resulting, charged with carbonic acid, baUies tiie surface of, and 
impregnates the meat ; or the add and salt may be brought into 
contact before the case is closed ; or we place the meat in a case 

grovided with two stop-cocks, one in or near the bottom, the other 
I the lid. By the lower stop-cock we introduce a solution of 
bisulphite of soda or potash, filling the vacant spaces in the caae ; 
we then close tiie stop-cock in the lid, and exhaust the case of its 
liquid contents by powerful hydraulic suction, or by the acticm of 
an air-pump. We leave the meat under this exhausting soction, 
and thus draw out from the meat as much air as it will yield up, 
which wo then expel from the case by the introduction of a aolu- 
tion of bisulphite of soda or potash, which we afterward with^ 
draw and replace by carbonic acid gas. We repeat, at intervals, 
tiioae alternate introductions of the alludine solution and oarbcmio 
acid gaa. 

** When metallic cases are used either for preservin^^ or paddng 
the food, we use a lining both for the top, bottom, ana aides, of a 
non-metallic nature, such as thin matting, wickerwork, yeneeis of 
wood, oloth, or other suitable materials. 

* We preaorvo poultry, game, and fish, in the aame mftt^t^ftf m 
I deaoribed for meat. 
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And haying now described the natxire of onr said invention, 
and in what manner the same is to be performed, we declare that 
we daim as oar improvements in preserving fresh meat, pooltry, 
game, and fish, — 

** first, the employment of bisolphites of soda and potash, suIh 
stantially in maimer hereinbefc»re described. 

** Second, the process hereinbefore described, whatever the anti- 
septic salt employed. 

** Third, the employment of an alkaline salt, together with car- 
bcmic acid, or the substances prodncing the same^ sulphurous acid 
and carbonate or bicarbonate of soda or potash, acting in manner 
hereinbefore described. 

<* And we claim as our improvement in the vessels employed in 
inneserving fteBh meat, poiutry, game, and fish, by anjr of the 
methods hereinbefore described, the lining of the same with mat> 
ting, wickerwork, or other like suitable material, to protect tiie 
sobstaaoe being preserved from contact with the vesselis." 

OK PAPER FBOH COBN FIBBB. 

Chevalier Von Welsbach, Director of the Imperial Printing and 
Paper-Making Establishments at Vienna, Austria, has brought the 
process of paper-making from com fibre to great perfection. It is 
claimed that the paper thus made is stronger than cotton or linen 
paper of the same weight ; that ih hardness and fineness of g^in 
It exceeds the best hand-made English drawing-paper ; that it is 
more durable than any other paper, and is not, like parchment, 
subject to be destroyed by insects, thus rendering it peculiarly 
valuable for documents, records, etc. ; that it is unsurpassed for 
tradns^paper, and can be made extremely transparent, and is 
speciaSy adapted for photography. It is also claimed that all 
papers ordinuily made from cotton and linen ra^s can just as well 
be made from this material ; that it can be easily converted into 
the finest writing and printing paper, and almost as sidvantage- 
ously into superior stout wrappng-paper. It readily receives any 
tint of color. 

GELATINE FBOH KABINE PLANTS. 

M. Natalis Bondot made to the Sodet^ for the Encouras;ement of 
National Industry, at Paris, a commumcation on the subject of the 
marine plants from which the Chinese procure gelatine, either as an 
article of food or for use in the arts. The subject seems to demand 
attention from us, both as a means of reducing the {nice of a vala« 
able article of diet, and as a means of introducing cheaper sulrati- 
tutes for materials of which the large consumption in the arts is. 
raising the price seriously. The same families of plants inhabit 
our coast, and doubtless ^latine, as delicate in flavor, and as 
strong, could he easily and cheaply prepared from them. 
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nCFBOVEXENTS EC DTEIKO. 

New Applirafi<m of TVifinifi. — Not only are new aniline dyes 
constantly di;^<>vered, but new and more convenient or effective 
modes of apply in ^^ them are obtained. Silk and wool arc easily, 
dyt'd l)y me:inJ of thvm; Tegetable matters, the lenities of which 
for cf)lors of all kinds are much weaker, not so easily nor so 
elTuctivt'ly. It has been discovered, however, that brilliant colon 
may be imparted to flax or cotton by means of the aniline dyes, if 
they are hrst impregnated with an alkaline solution of tannin. 
Yeeetable parchment, which acts like silk or wool with reference 
to tfie aniline dyes, does not require the use of tannin. When ordi- 
nary paper is to be colored, the tint obtained is wondeifnlly im- 
proved if it is coated with albumen before being sabjected to the 
action of tannin. 

Utilization of Aniline Dyes, — The beaotifVil colors derived from 
aniline have already received a very general application ; but tiiey 
have been, hitherto, unsuitable to one purpose, which would be most 
likely to benefit by the brilliant effects they produce, — oil paint- 
ing. They are now very likely to become extremely useful in 
this branch of art. It has been found that a solution of aniline is 
capable of dissolving caoutchouc, and all the resins which have 
acid properties, and also the aniline dye-stuffs. The solution of 
shellac, for example, in aniline, may be colored by the addition of 
the concentrated solution of aniline dye-stuff; the result being a 
transparent paint, which answers admirably for glass, porcelain, 
etc. This shellac solution may be mixed with any oil paints that 
contain no lead ; and thus an oil paint of exti'aormnary brilliancy 
may be obtained. With the exception of fuschine, all the aniline 
dyes may be dissolved in the aniHne solution of shellac itself. 

Aniline. — It requires as many as two thousand tons of coal to 
produce a small cu'cular block of aniline twenty inches high by 
nine inches wide. This quantity is sufficient to dye three hundred 
miles of silk fabric. 

Aniline Black, — The discovery of a fine black, produced from 
aniline, may almost be considered as completing the series of 
magnificent colors obtained from that substance. This new dye 
is the more valuable, since it may be associated with any kind of 
madder color, and may be treated in subsequent processes like 
logwood. It is obtained by dissolving hydrochlorate of aniline 
in an aqueous solution of hydrofluosilicic acid (spec. grav. 9^ B.) 
which has been properly thickened, and then adding chlorate of 
potash, and printing or preparing the tissue with chforate of pot- 
ash, and afterward printing. On raising the temperature from 
82*^ to 85° C, a beautiful and permanent black is produced. The 
hydrofluosilicic acid required may be obtained by decomposing 
a mixture of fluor-spar and sand with sulphuric acid. The 
decomposition which takes place during the process consists in 
decomposition of the chlorate bv the hydrofluosilicic acid, silicate 
of potash being formed and chloric acid set free. A part of ^tua 
io acid acts on the hydrochloric acid of the hydrochlorate of 
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aniline, forming a mixtare consisting of free chlorine and inter- 
mediate oxygen acids of chlorine ; and the remainder unites with 
this mixture, forming the black dye. 

KITBOOLTCERINE. 

Nitroglycerine is the product of the reaction which ensues when 
glycerine is slowly poured into a mixture of concentrated nitrto 
acid, with twice its bulk of oil of vitriol. The glycerine loses 
three equivalents of water, which are replaced by three of nitric 
acid. It has been called also trinitrine, mnitro-glycerine, etc. 

It is a liquid of specific gravity 1.6, nearly insoluble in water, 
easily soluble in alcohol and ether. It has great stability, and 
keeps indefinitely ; foreign bodies do not favor its decomposition ; 
at ordinary temperatures it even remains unchanged in presence 
of phosphorus and potassium. It does not explode by flame ; 
bums by contact with an ignited body, but ceases to bum as soon 
as the contact is at an end. It explodes only at 360° Fahr. It 
detonates by a violent blow of a hammer, but only the part sub- 
mitted to the blow explodes, without action on the surrounding 
liquid. Its principal advantages in blasting in mines are, 1st. 
Being insoluble in water and heavier than it, it can be used in 
wet mines and under water. . 2d. Not exploding by contact of 
an ignited body, unless strongly compressed, it may be carried, 
kept, and handled without danger. 3d. Its expansive force 
bemg ten times greater than gunpowder, it economizes labor. 
4th. The rapidity of its explosion renders tamping of no im- 
portance, and thus renders the miner perfectly safe. 5th. It is 
as efficient in a soft and crumbling stone as in a hard and com- 
pact one ; it leaves no residuum. — AnncUes du Genie CivU, 

It is an oily fluid of a light yellow color, and of 1.6 specific 
gravity. It consists of 3 atoms of nitric-acid, or 3 NO5, com- 
bined with an atom of glycerine, C H' O^, so that its ultimate 
composition ma^ be represented by O H' Oia N. The changes 
which occur durm^ explosion convert each volume of it into 469 
volumes of carbonic acid, 554 volumes of steam, 39 volumes of 
oxygen, and 236 volumes of nitrogen, being a total of 1,298 vol- 
umes of gas for each volume of the liquid oil, being thus five 
times more effective than its bulk of gunpowder ; but from the 
greater amount of heat generated, and the consequent higher 
tension of the gases produced b^ the explosion, the new agent is 
reaUy thirteen times more effective, bulk for bulk, and eight times 
more effective, weight for weight, than gunpowder, resulting, for 
blasting purposes, in very great economy of labor. — London Me- 
chanics^ Magazine, September, 1865. 

The explosive properties of nitroglycerine C* H* (N 0)i O, and 
the accounts of experiments made with it in different parts of 
Sweden, Grermany, and Switzerland, determined MM. Schmitt 
and Dietsch, the proprietors of the great quarries of sandstone in 
the valley of Zom, Lower Rhine, to try to use it in their works. 

l^e trial proved so successful, both as regards economy 
the ease ana rapidity witli which the work waa ^tCotvod^ 

9 



98 ANNUAL or SaUITIFlC DUOOTEBT. 

for the time, at least, they have abandoned the use of powder, and 
the quarries have been entirely worked by nitroglycerine for six 
weeks. 

From the first, we have considered that the nitroglycerine should 
be prepared on Uie spot. It always seemed to us the transportatiun 
of an explosive compound of such frifrhtful power ou^ht not to he 
allowed either by land or water. The terrible accidents which 
have happened at A.si>inwall and at San Francisco justify these 
fears ; and the transportation of nitroglycerine should be posi- 
tively forbidden. 

Alter having, with M. Keller^s assistance, studied in my labora- 
tory the different processes of the preparation of Ditroglycerine 
(mixtures of glycerine with concentrated sulphuric acid and 
nitrates of potash and soda, or with nitric acids of different concen- 
trations), we have deteimined on the following method of mano- 
facture, which is performed in a wood cabin, oonstnicted in one 
of tlie quanies : — 

Preparation of Nitroglycerine. -^Yfe begin by mixing in an 
eartlienware vessel placed in cold water some fuming nitric add 
at 41^ or 60^ Baume (1.51-^1.53) with twice its weight of the 
strongest sulphuric acid. These acids are purposely prepared at 
Dieuze, and sent on to Saveme. At the same time, we evaporate 
in a pot some commercial glycerine free from both lime and lead, 
until it makes SO"* or 31"" Baume (1.26 ^ 1.27) . This concentrated 
glycerine should, after cooling, have a syrupy consistence. 

The workman then throws thirty-three hundred grammes of a 
mixture of sulphuric and nitric acids, well cooled, into a glass flask 
(a pot of earthenware or a capsule of porcelain might equally be 
employed) placed in a trough of cold water, and then he slowly 
pours into it, stirring it continually, five hundred granmies of gly- 
cerine. The thing to be observed is the avoidance of any sensible 
heating of the mixture, which would determine a tumultuons 
oxidization of the glycerine, and the production of oxalic acid. 
For this reason it is, that the vessel in which the transformation of 
the glycerine into nitroglycerine takes place should be constantly 
cooled externally by cold water. 

When the materials ai*e thoroughly mixed, the whole must be 
left for five or ten minutes ; then pour the mixtm*e into five or 
six times its volume of cold water, to which a rotatory movement 
must first be imparted. The nitroglycerine precipitates very 
rapidly, under the form of a heavy oil, which is collected by 
decantation into a vessel ; then wash it with a little water, which 
is in its turn decanted ; pour the nitroglycerine into bottles, and it 
is ready for use. 

In this state, the nitroglycerine is still slightly acid and watery ; 
but this is of no impoi*tance, since, as it is employed soon ailer 
its preparation, those impurities in no degree prevent detonation. 

Properties of Nitroglycerine, — Nitroglycerine is a yellow or 
brownish oil, heavier than water and insoluble in it, but soluble 
Ui ether, alcohol, etc. 

'^l)osed to a prolonged but not intense amount of coldness, it 
■tallizea in long needles. A violent shock best caoses it to 



Tlie hwmjtfmf^ af ft is mtm- ^wr^.aoi «idT 
dancerooB. Spread uptm tib? gpnmmL it » opIt witfc' diifc ■iry 
fired by a body in combmetimu and tiies ohIt binn^ partBiibr : a 
fla»k containing nitro^Tcerine msT be broken hook sioiMS wifeib- 
(mt il8 detoBatm^; it msr be Tobicffixed withi'it decoaqmilkNi 
by a regnialed heat; bol if it boiift^ dettomfcioB becomea bmmmatL. 

A drop of nitrogHcetiBa iaiJins osaoMtai plaee wmodentiftw 
heaXed TchntSHaeB qoiedT. If tiw plate be le^-koc tibe drop b 
immediaftely fired aad barns Iftae a jgrain of powder, oniy noise- 
lessly ; bat if the plate, witbo«it bein^ led-bot, is hot eaon^ to 
make tbe drop boil inimfdimlr. it deeonposes soddenlj witb a 
yiolent detonation. 

Nitroglycerine, especially wben impm e and acid, decomposes 
spontaneoodty after a ccitaun time, witb an escape of gas and tba 
prodncti<m of oxalie and glyeeric acid. 

Probably the qpontaneons explosions of mt iogly ce tl ne. 
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to the same canse. The nitrogiycerine being inclosed in 
corked bottles, the gases prodooed by its spontaaeoos combnstkNi 
cannot esci^»e ; they tiien excerctse an immense pressors on the 
nitro^yoerine, and in this state tlie least shock aM the slightest 
movement will canse an ex{rfoaon. 

The flavor of nitrogiyoerine is at once sweet, piqnaat, and 
aromatic ; it is pmsonods, and taken in small doses it prodoces 
bad headaches. Its vapor produces similar effects, and tins reason 
mi^fat well prove an objection to its use in the subterranean gal- 
leries of mines, wliere its vapors cannot disperse as they ck> in 
open-air quarries. 

Nitrogiyoerine is not, pn^ierly speakinoTt a nitrated body, soch 
as nitro- or binitro-bensol, or mono-, 1m-, and trinitro-phenisie 
acids. Indeed, under the influence of reducing bodies, such as 
nascent hydrogen, sulphuretted hydrogen, etc., the ^yoerine is 
set at liberty, and the caustic alkalies deconq[>06e the nitrogly* 
oerine into nitrates and glycerine. 

Modes of Employing Nitroglycerine. — Suppose the object is to 
detach a stratum of rocks. At 2.50 to 3 metres distance from the 
exterior border, sink a mining hole about 6 or 6 centimetres in 
diameter, and 2 or 3 metres in depth. 

After having thoroughly cleared all mud, water, and sand oat 
of the hole, pour into it, through a funnel, from 1,500 to 2,000 
grammes of nitroglvcerine. Then immerse in it a little cylinder 
of wood, pasteboard, or tin, about 4 centimetres in diameter, and 
fi-om 5 to 6 centimetres in height, and tilled with ordinary pow- 
der. This cylinder is fixed to an ordinary mining fuse, which 
foes down a certain depth to insure the combustion of the pow- 
er. The cylinder is lowered by means of the wiok or luse; 
the moment the cylinder reaches the surface of the nitrogly- 
cerine may easily be known by the touch. When it touohoa 
the surface, hold it perfectlv still, and pour sand into tbe hole 
until it is quite full ; there is no need to compress or plug the 
sand. Cut the wick some centimetres from the oritioo * 
hole, and then set fire to it. In about ei^lvt ot WOi ti 
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die match boms jiown to the powder and fires it. Then ensoef 
% Tiolent shock, which immediatelj causes the detonation of the 
nitrogljoerine. The explosion is 'so sodden that the sand is not 
even projected. 

The whole mass of the rode rises, is di^laoed, then re-settles 
withoot any projection ; only a doll detonation is heard. 

Only on examining the spot can an idea be formed of the power 
of the force dereloped by the explosion. Formidable masses of 
rodL are slightly displaced and rent in eyery direction, and ready 
to be removed mechanically. 

The chief advantage is that the stone is only sligfatly croshed, 
and there is very little waste. 

In the manner we have shown, from forty to eighty cobio 
metres of rock may be detadied by charges of nitro^lyoeiine. 

We tmst to have shown by this notice the possibility of recon- 
ciling the employment of nitroglycerine with every dedrable 
goarantee for pubuc safety. — M. Kopp, GompUf Baimu. 

The following are extracts from a letter by T. P. ShaffiMr, m 
the *' Scientific American,'' for Nov., 1866 : — 

*« When I visited the Hoosac Tunnel in Angost, I had not wit- 
nessed the explosion of nitroglycerine in rock of the hardness of 
the Hoosac Momitain. The tunnel is penetrating throogh solid 
massed mica and quartz. The strata lie against the progress, 
and there are but few seams and slips. It tears roughly, and in 
no instance quarries. Every cubic inch must be blasted. 

«' The ' heading ' is 6 feet high and 15 feet wide. Below is the 
* bench,' or bottom enlargement, 4^ feet deep, the width of the 
heading. In the west sh^t it was about 300 feet in the rear of 
the heading. The further enlargements are to be above and at 
the sides. My experiments were in the west shaft, ' bendi ' and 
' heading,' proceeding eastward. 

*' Prior to my amval, good miners had been making firom 2 to 
8 feet per day with the ' bench.' The holes had been set from 15 
to 20 inches back, drilling 4 holes to mi^e the width of the 
tunnel. These 4 holes were drilled 4 feet deep, charged with 
powder and well tamped. After blasting the 4 holes, about 5 
short holes, averaging 15 inches, had to be drilled in order to 
make an even bottom. Aceor(^g to these figures, the number 
of inches to be drilled to make 60 7-10 feet lineal, would be 9,612. 
Two men can drill about 100 inches per day of 8 hours, and 
wa^s are $2.25 per dav. The expense for miners, tools, and 
inddentals, amounts to about $6 per 8 hours, for each 100 inches, 
making a total of $5G6.72 for drilling. The time required to make 
60 7-10 feet would be at least 20 days. There would be about 144 
long holes, 180 short holes, and at least 36 blasts. This is the 
rate of progress that bad been made with gunpowder. 

•* Mv first experiment was in the • bench,' as above described, 
and within 3 days I advanced 60 7-10 feet. I used nitroglycerine, 

'^oded bv the aid of electricity. If the rock could be removed 

each blast, I can make 70 feet in that time. I had 9 blasts 

88 holes, 5 feet deep ; total mches diilled, 1,680. The cost 

) nitroglycerine was less than the price of gunpowder for the 

^number of feet. 
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My next experimeiit wss in tiie *lieii£n^.^ for a period of 
3 days* The average ^leed per month wittT powder had been 
64 feet, blasting eyery 2 hours holes 20 to ^) im^ies deep. When 
I commenced my experiment, the rock was excesdrely hard, and 
the trial was veiy severe against me. I blasted 15 holes eveiy 8 
hoars ; holes 90 to 36 inches deep. Within the 3 days I mada 
14k feet. The next 3 days the rock happened to be* better for 
blasting, and powder was'nsed, making 6 4-10 feet. Xnmber of 
nitroglyeeiine hc^es 132, and aboot 4^56 inches for die 144 feet. 
Nomber of powdK- holes 180, and aboot 4,500 inches drilling, 
making 6 4-10 feet. 

*' In the same class of rock, I am of opinion tihat I can make at 
least 35 feet per we^ in the heading, and in a month of 27 days 
abont 158 feet; making 94 feet per month more than can be ao- 
oomplished with gunpowder. 

** From these figures, the Hoosac Tunnel can be finisfaed in leai 
than half the time and for less than half the expense by using nl- 
troglyoeiine. From 8 to 10 years has been the estimated time for 
completing tiie work, and the expenst^ several millions of doDanL 
From these economic consideritions, die very able <4iief engineer 
of that great enterprise is encouraged to belief in the eari^ eoin- 
plefion of the work by his adopting nitrogiycerine." 

Thou^ this snbstonce possesses very 'important advantages 
over gunpowder, as a blasting and destructive asent, the attempts 
to introduce it as a substitiite have been attended by most disas- 
trous results, ascribaUe, in part, to some of its pr^ierties, mad 
too evident instalnlity of the commercial product, but principally 
to the thoi^htlessness of those interested in its applicatloii, who 
appear to have been induced, either by undue oonfidenee in its 
permanence and comparative safety, or* from less excusable mo- 
tives, to leave the masters of ships, or others who had to deal 
with the transport of the material, in ignorance of its dangerous 
character. 

The precise canse of the fearfol explosions of nitroglyceriiia 
at Aspinwall and Saa Francisco will probably never be ascer- 
tained ; but they are likely to have been doe, at any rate, indi- 
rectly, to the Gpontaneous decomposition of the substance, indooed 
or accelerated by the elevated temperatore of the atmosphere in 
those parts of the ship where it jras stored. Instances are on 
record in wluch the violent mpt&e of <dosed vessels containing 
commercial nitroglycerine has been occasioned by the accumula- 
tion of gases generated by its gradual decomposition ; and it is 
not improbable that a similar result, fitvored by the warmth of 
the atmosphere, and eventnaUy determined by some accidental 
agitation of the contents of the package, was 'the cause of those 
lamentable accidents. Hie great difficulties attending the pitrift- 
cation of nitro^yoerine upon a practical scale, and the uncer- 
tainty, as regards stability, of the materiai, even when puriAe<i 
(leaving out of consideration its very poisr>nous character, and 
its extreme sensitiveness to explodon by percnssion, when in the 
solid form), appear to present insurmountable obstacles to its safo 
9* 
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application as a substitute for gunpovrder. — JownuA of Frank- 
Un rmtUuie, Oct,, 1866. 

GUN-COTTON. 

M. Blondeau makes the following commnnioation tct the 
Academy of Sciences, Paris. If gan-cotton of good quality be 
exposed for about four hours to the action of the vapor of ammo- 
nia, it will soon assume a yellow tint, indicating its combination 
with the ammonia ; and, after being dried, it furnishes a powder 
which is unalterable at ordinary temperatures, and even nnde- 
composable at 212^ (Fahr.), and possesses aa exploave foroe 
greater than that of ordinary gun-cotton. 

Gun-cotton has not hitherto been received wit^ much fkvor by 
artillerists, but some recent experiments of Mr. Wlutwortfa go 
far to prove that, under certain circumstances, it may be used with 
advantage. He finds that a charge made up of ranpowder and 
Kun-cotton, the former material being exploded first, gives a 
fower trajectory, and will also admit of a lighter gun bein^ used. 
Bv this means, the great explosive power of gun-cotton is com- 
bmed with the advantages aue to the gradual action of ordinary 
powder. 

OUN-PAPEB. 

Mr. G. S. McUand, of Lime street, London, who has distin- 
guished himself among British makers of fire-arms, has recently 
invented a ** gun-paper,^* to supersede the old gunpowder. The 
invention consists in impregnating paper with a composition 
formed of chlorate of potash, 9 parts ; nitrate of potsi^, 41 ; 
prussiate of potash, 3i ; powdered charcoal, 3i ; starch, l-12th 
part; chromate of potash, l-16th part; and water 79 parts. 
These are mixed, and boiled during one hour. The solution is 
then ready for use, and the paper passed in sheets through the 
solution. The saturated paper is now ready for manufacturing 
into the form of a cartridge, and is rolled into compact lenjKtfas 
of any required diameter. These rolls may also be made of re- 
quired lengths, and cut up afterward to suit the charge. After 
rolling, the gun-paper is dried at 212^ Fahr., and has the appear- 
ance of a compact grayish mass. Experiments liave been made 
with it, and it has been reported favorably of as a perfect substitute 
for gunpowder, superseding gun-cotton and all other explosives. 
It is said to be safe, alike in manufacture and in use. The paper is 
dried at a very low temperature. It may be freely handled with- 
out fear of explosion, which is not produced even by percussion. 
It is, in fact, only exploded by contact with fire, or at equivalent 
tomperatu^s. In its action it is quick and powerful, having, in 
this respect, a decided advantage over gunpowder. Its oae is 
unaccompanied by tlie greasy residuum always observable in gon- 
barrels tnat have ij^en fired with gunpowder. Its explosion 
produces less smoke than from gunpowder ; it is said to give less 
reoc^ and it is less liable to deterioration firom dampness. It is 

Mdily protected from all chance of damp by a solution of zykndin 

unitnoaoid. 
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In experimeDting with this new explosive substance, six rounds 
were first fired wi£ cartridges containing 15 grains of gunpow- 
der, and a conical bullet, at 15 yards range, whicn gave an average 
penetration of 1 1-16 into deal. Six rounds were then fired with 
10 grains of gun-paper and a conical bullet, at the same range, 
and gave an average penetration of 1 3-8 into deal. Here was 
S3 per cent, less of paper than powder, and greater penetration 
with paper. Six rounds followed with an increased charge of 15 
gndns of gun-paper and a conical bullet, at the same range, and 
at each shot the bullet passed through a 3-inch deal. At 19 yards 
ran^, 12 grains of the paper, fired from a pistol of 54 gauge 
(44-mch), sent a heavier bullet through a 3-inch deal. A fouled 
revolver was preserved four days, but betrayed no symptoms of 
corrosion after usin^ mm-paper. It is expected that gun-paper 
will be mftunfaoturea cheaper than gunpowder. — London ArUian. 

NEW GUNPOWDERS. 

Some interesting experiments were made in Paris recently 
with a new kind of gunpowder, the invention of M. Neumann. 
This composition appears to be very similar to that of ordinary 
powder, but it has the property of not exploding unless subjected 
to pressure. When laid upon the ground and ignited, the new 
^npo wder bums slowly and leaves a thick crust. In the course of 
Sie experiment, three barrels, each containing about three and a half 
kilos, of powder, were placed in a temporary hut^and the powder was 
ignited by means of a fusee. Large volumes of smoke were seen 
to issue from the crevices, but no explosion took place, the powder 
being simply burned. When tried in a rifie, the strength, when 
tiie ramrod was well used, was found to be equal to that of ordi- 
nary gunpowder ; but, when not rammed, it failed even to drive 
the ball out of the muzzle. The composition of the powder re- 
mains a secret for the present. 

At a recent meeting of the British Association, a paper was 
read upon the introduction of a new gunpowder for heavy ord« 
nance, in which nitrate of barytes is substituted for saltpetre in 
composition ; the consequence being that the powder, when ig- 
nited« consumes more slowly, and uie gases are developed less 
rapidlv, while the same effect is produced upon the projectile as 
regards its ultimate velocity. 

NEW GUNPOWDER. 

A new and very powerful gunpowder has been patented by 
Captain Schultze, of the Prussian Artillery, which possesses some 
very valuable advantages. In tsomposition and mode of manufac- 
ture it bears more resemblance, to gun-cotton that to ordinary gun- 
powder ; but its form is that of gunpowder, and it has none of tiie 
specially dangerous properties which b&ve hitherto prevented gun- 
cotton nom coming extensively into practical use. Cotton fibre 
consists of '* cellulose,^ a compound of six atoms of carbon, five 
of oxygen, and ten of hydrogen ; while gun^wdftt ia^ «]^\2Q^ 
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.r.r.^n fc ^. •<f.UU^> r .&<*«• 3Zt-:':~ "nt; 4BJIIr ^UIlDOaCUIL 34 pm- 

*,-^«, n w,.? iiif#--r.:^ r^-ra X >ci'- n .'tiRzi. Zjis :^ iisc viutt Ca{)L 
^/'.wn:^-^ !/^*^. w-;;! ii,- --stiir uiit i»- £»» " 7::-axEi«xelliiIaee,^ 
u.t n u^'irvt^ 1i«iin*-nr.< lift' r'm-*niaiii. -^sstiHiiiur r&imas iostan- 

>«<i<t ki« -J#»»r :r' •- mi-nsr.i.fi b- Vi»- [t^n^vr^ rnuM vtier of fifae sune 
*iy,» -y rrirtn v i;... j-ui-T.iii,a, :»*ui«r. ic a^n* :or i^iniieTT pur- 
pf^f9 '.Ji!- -:ir^>» ".nii*^ ii» ir«F*rrii k» x» 7-d^ns -^if 2:iinpowder, 
«/-,«t^ -TiT^f^r ".»- ▼v.T^r. -13 -EXii'si k» uni^a m znnpi^wier costs, and 
*«A '.ni7 ••/% v***?! ««'.*;" *'^ m^AiU :if w^HziOi. 3Lech«>i^. dnii new pio- 
4iv*^ irh-, «* a»»si;r-7 :'-.»ir --ni**;* u» Zf.'w-irtiL a^ ziznoi>wiler, costs, 
■jr^i^rHn S^-r iriv/^r. v.n-«u:«rXi-i-T Ifr** siaa JTznoow^Urr. and can be 
»w*/l ,TV pr*/^-***: 7 -At* «;un«^ ^'7- ^»^ -o^7 prpcantiiDn nccesaazy being 
t/f r>4tf; /^ f,j^ -^-w zfiVj^x \til-7 -.c»*H!iy*rai as moch a»<^the old. 

Ar,7 hAT't TT'/'x: ;^ --"i^- ifii., *r.»*»tM ar^vor i.ra<-sixt«enth of an inch 
f h> kc. *r.<l ^^tft^ T»^yl ,r.r/» ..rttr 07i;iitirr«. which cooadtate eventoally 
fh/i (<rAiir»4 '/f trt^ p^z-n^i^r. irr.y'rh i« tausi granalated at the begin- 
f»i r»j/ ifM#/a/l /,f at f.o<? *'.jtf\ of Uif: pr^y?*:** oi manafactare. To remove 
nil "'rri4f.it.rj':fiU *:xfA\A fjf.i»til/,*^,, theii< granular Cylinders are boiled 
f*fr st\/*tiii t^yht hMiM in -itmns^ s^^lutions of carbonate of soda, 
fr«-/|rM'riHy /'Jmnj/cd ; aft';r twenty-four hours washing in running 
WMh-r, M»"y nn: ri'jxt hU-J'.^K'A for two or three hoars in a chlon- 
fniif'd K:oliif}/fri ; fltf^'T a wnutuf] tivr;nty-foar hours^ washing in cold 
litituUttf wiiUt, thfiy tirti HiibmitUid for six hoars to the action of a 
Mf}«hifii f»f I'orly )ttiiiM, hy w^'ifrht, of concentrated nitric acid with a 
liiMidrfwl fMirUJyy wi^ii^ht, of ro neon trated sulphuric acid, one part 
»•! iliii friiiiiiM, hv w«'i/rlil-, bi'in^ pliu^cd with seventeen parts by 
M fill III (■!' Mill tiifi[iMl fM'id.M ill ail iron vessel, which should be kept 
I 'ill 1 1 'rill I irniiiiH (hoii hfitit; carrfnlly drained, they are exposed 
III I'luil riiiuilntr wmIit Inr hvo or tlin'o days, then boiled in a weak 
'■nhiiliin III iMnliiMiiili* iirNnil:!, n;rain <>x]>nscd for twenty-four hours 
!•» innniiifs wttliT. mid tMiivriilly dritui. Up to this point the grains 
MM! mil i»^pl«wlvi». Tho drloll i^raiiis aro now steeped for ten 
»MlmMo< \\\ It qiihiH«Mt of mnuo will or sjilts ot>ntaining oxygen and 
Mdiiti^vMi Iho lii«<i| iipiM^nvs to lift for ovorv hundn.Hl parts by weight 
»»« \\\\^ i\\'^\\w^ U\\\ hnudi^'d rtud twenty lims of water, hafing m»- 
"^^Iv^mI \\\ W \\\\^\\\,\ «o\oM And ono-halt i^ns of nitrate of potash 
^S\\\ m^v^^w t^«id «\no \\is\( I V1 11 ?t or nil nuo of Ivirxtos, at a tenipeia- 
^W^^^jvl' n«>'* K.ihr Artv I dr.ii«i«jr. thov aiv- Jriod in a diamber 

Iw ^^^xx |S^\\dov\\0) N"* *M us\* iv"^ or/.y for small arms and 
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advantage in the latter is thai; its explosion produces no smoke, 
thereby avoiding the loss of time incurred by the workmen under 
ground in waiting for the smoke of common gunpowder to clear 
away ; it has all 3ie advantages of gun-cotton, without its danger 
and other disadvantages. — London Mechanics^ Mag,^ March, 1866. 

THE FBUSSIAK KEEDLE-OUK. 

The deciding argument of the recent European battles baa been 
the Zund Nadd-Qewehr, — the Prussian needle-rifle. The wonders 
which the Austrian army have usually performed with the bay* 
onet were completely estopped by this terrible weapon, as, load* 
inff and firing it from five to seven times a minute, the Prussian 
soTdieiy spent such a shower of bullets upon the advancing foe, 
that, by uie time they reached them, there were not enough left 
living to do much harm. No men, however brave and deter- 
mined, could stand the fire of these rifles ; and nothing so dis- 
heartens an army as the absolute knowledge that it is fighting 
against a terrible superionty in arms. 

The " needle-rifle,^ which has been in use in the Prussian army 
since 1848, but which has never till now been fairly tested, has 
proved to be a most formidable and dangerous weapon ; and as the 
Prussians have succeeded in this war, they may in great part con- 
sider it due ta their superiority in the possession of this fearful 
instrument of warfare. It is a breech-loading rifle, the cartridge 
used being made of stiff card-board, the ball, powder, and explo- 
sive composition being contained in one and the same cylinder. 
Its great ^culiarity is, that the detonating powder is placed im- 
mediately in rear of the base of the ball, and between it and the 
powder. The advantage of this is, that when the powder is 
Ignited, that portion next the ball, in which combustion is first per- 
fected, exerts its full force upon the projectile, the powder in rear 
also exerting its influence, as it becomes almost simultaneously 
ignited. Under the present system, in which that part of the 
powder next to the breech of the gun is first ignited, a portion of 
the powder is frequently expelled from the gun with the ball, in a 
condition of only partial combustion, the explosive force of the 
powder first consumed being adequate to expel the ball and the 
powder in its front,, before the whole charge nas time to become 
entirely ignited. Thus, in the needle-gun, all the powder is con- 
sumed and applied to the best effect, and so as to obtain its fullest 
force at the same instant and in the same direction. 

The needle-gun is a breech-loader, and, when the trigger is 
pulled, a stout needle or wire is thrust through the base of the 
cartridge, parallel with its axis, into the detonating charge by .the 
ball, causing its explosion and the ignition of the cartridge. In 
accuracy the needle-gun cannot be sui*passed ; and its effective 
range is said to be about fifteen hundred yards. Soldiers can 
load and fire five times a minute ; and, in the recent fighting, they 
have been in the habit, when either char^g themselves or re- 
ceiving charges, to keep the gun at the hip, and simply continue 
putting in cartridges and discharging them, ^teni2^^ V%«^ 
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what my informant describes as a " rain of bullets.^ This mode of 
firing accounts for the fact of so many of the Anstriaus being 
wounded in the legs and feet. — Drug^&ts^ Gircular^ 1866. 

So much has been said about the rrussian needle*^n of late, 
in the foreign journals, and the success of the Pmssians with it, 
that many suppose it to be a new invention. On the contrary, it 
is twenty years old. We do not desire to depreciate it on this 
ground, but, judging it solely by its intrinsic merit, it is not up to 
the standard of American breech-loaders. All military men know 
that an essential point in a fire-arm is simplicity and certainty in 
fire. Neither of these qualities is found in the needle-gan, for the 
mechanism is clumsy, compared with recent inventions, and the 
ammunition is complicated, and costly to prepare. The principal 
idea in this weapon is in firing the charge from the front inatnul 
of behind, as in other weapons. To do this, the percossibn pow- 
der is put into a cavity in the base of a paper sabot, between die 
ball and the powder, the charge being exploded by a wire or 
needle thrust through the cartridge. 

The experience gained in the war of the rebellion shows nfl 
that the " magazine arm,^ or that weapon where the charges are 
contained in Sie breech, is most deadly, when in the hands <^ 
skilful troops. Other breech-loaders have their good qoalitiesl 
but all who remember the part the Spencer rifle bore in the con- 
test will concede the point we make. 

Breech-loaders have this disadvanta^ : troops must be trained 
long and thoroughly, or in the heat of battle the charges will be 
thrown away from heedless firing. The Prussian army have had 
experience with breech-loading guns for fifteen years, and in 
their recent battles did well. — ScienHfie Ameriean, 1866. 

IMPROVEMENTS IN CANNON. 

At the anniversary meeting of the American Academy of Arts 
and Sciences, Boston, Mass., in May, 1865, the Rnmford medal 
was awarded to Frof. Daniel Tread well, of Cambridge, Mass., 
<* for improvements in the management of heat made and put in 
practice by him in constructing cannon of a series of coiled rings, 
in the year 1842." 

The following are extracts from the address of Prof. Asa Gray, 
the President, on the occasion of its presentation, in Nov., 1865 :— 

*• We in our day, within the last fifteen years, have witnessed a 
change in the means of attack and defence greater than any made 
in the two hundred years previous, — a change involving a conh 
plete revolution in tactics, both on land and on sea. To take a 
single illustmtion from heavy ordnance, in which the importance 
of the change impresses us, when we are told that our strongest 
forts, armed with the best guns we liad ten years ago, could op- 
pose no effectual resist:ince to tlie entrance of such ships as are 
now built, into any of our bar bora ; and that a ship conld now bo 
built and armed, which, singlv, would overmatch our whole na?? 
fl it was in 1855. 

^'Foftunatel}', the balance ia Todxeaeed by ec^jial improTemeflt 

tltilvnoo. 
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The improyement in fire-arms, both great and small, is in 
their increased range and precision. When the efibctiye range of 
a musket-ball was extended from two hundred yards to fourteen 
hundred or more, it became imperatively necessary that ordnance 
shpnld be improved in the same ratio, or it wouJd be useless, as 
gunners and horses would be picked off by small arms long before 
they could effectively reach the enemy. This improvement in 
euns of great calibre has been made, with consequences the 
importance of which, present and prospective, cannot be over-esti- 
mated. 

** But the point which we have to consider is, that this increased 
range and precision are entirely dependent on the augmented 
strength of the gun. The weakness of the gun is the only thinsp 
that imposes a limit to the range short of the absolute strength of 
the explosive material used. It is the strength of the gun which 
not only gives the range, but makes rifling possible, with preci- 
sion and all the advantages of the elongated shot. All inventions re- 
lating to the different modes of rifling, the form of the projectile, 
and uie devices for breech-loading, are necessarily subordinate to 
the question of strength : with this sufficient, those become simple 
problems, to be rapidly determined by tiie ingenuity of many 
inventors. 

" Now the limit of stren^rth of cast-iron and of bronze cannon 
bad long ago been reached. Excepting Captain Rodman^s im- 
provement, and certain modem advantages in working and cast- 
ing metals, no material advantages had been gained over guns 
cast in the reign of Queen Elizabeth. 

'*But the most effective guns of the present day embody new 
principles of strength. They are all built-up guns. With them 
are associated the names of Armstrong, Blakelj/Whitworth, Par- 
rott, and others. Whatever may be me relative merits of these 
several varieties, our interest is confined to the question of their 
strength, that is, to the principles of construction which have made 
them stronger than common guns, and rendered their respective 
subohlinate improvements possible. 

** These principles are two, and their introduction at different 
times into the manufacture of cannon constitute two successive 
steps, and the onlv steps, which give distinctive character to the 
guns under consideration. Both originated with Mr. Treadwell. 

** These two inventions are often confounded, although mom 
than ten years elapsed between them. The confusion is doubtless 
owing in some degree to the fact that the two are found combined 
in nearly all the modem built-up guns. The first initiated a sys- 
tem of construction which may be designated as the coil system ; 
the second, what may be named the hoop system. 

'* The first was successfully applied to the making of cannon by 
Mr. Treadwell in the year 1842, and a full account of it was pu'o- 
lished in 1845 ; the gist of the invention being in so constructing 
the gun that the fibres of the material shall be directed around the 
axis of the calibre. 

•* This method of construction is described in Pi*ofes8or TreiM^- 
well^s own language as follows : ' Between the y«ax« \j^\. 
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1845 I made upwards of twenty cannon of this material (wiviught* 
iron). They were all made up of rings, or short hollow cyliih 
ders, welded together endwise; each ring was made of bars 
wound' upon an arbor spirally, like winding a ribbon upon a block, 
and, being welded and shaped in dies, were joined endwise when 
in the furnace at a welding heat, and afterwards pressed together 
in a mould by a hydrostatic press of one thousand tons' force. 

** * Finding in the -early stage of the manufacture that the soft- 
ness of the wrought-iron was a serious defect, I formed those 
made afterwards with a lining of steel, the wrought-iron bars 
being wound upon a previously formed steel ring. Eight of these 
guns were six-pounders, of the common United States bronze 
pattern, and eleven were thirty-two-pounders, of about eighty 
mehes' length of bore, and one thousand nine hundred pounds* 
weight.' 

*'The soundness and value of this principle of construction were 
fully confirmed in England by the experiments of Sir William 
Armstrong in 1855, and attested by his evidence before a com- 
mittee of the House of Commons in 1863. He there dei^ribes his 
own gun as one * with a steel tube surrounded with coiled cyl- 
inders,' — as 'peculiar in beiu^ mainly composed of tubes, or 
pipes, or cylinders, formed by coiling spirally long bars of iron into 
tubes and welding them on the edcres, as is done in gun-barrels.' 
His indirect testimony to the originality of Mr. Treadwell's process 
is equally clear, being that, within his knowledge, no cannon had 
ever been made upon this principle until he made his own in 
1855, he being, as we must suppose, ignorant of what Mr. Tread- 
well had done thirteen years before. The statement of Mr. An- 
derson (witness before the Commons' Select Committee), made 
before the Institute of Civil En^neers in 1860, is equally explicit 
as to the nature and value of this method of constructing e-annon. 
And, finally, the high estimate of its importance abroad is shown 
not only by the honors and emoluments conferred by the British 
government on tiie re-inventor, but still more by the actual adop- 
tion of this gun as the most efficient arm yet produced. For it 
must be borne in mind that the faults or failures, complete or par- 
tial, of the Armstrong and similar guns, are not of the cannon 
itself, as originally constructed, but of breech-loading contriv- 
ances, of the lead coating of the projectile, or of other subsidiary 
natters. 

** That our colleague's invention, the value of which is now so 
dearly established, should have been so generally unacknowl- 
edged by inventors abroad is his misfortune, not his fault. For, 
not only were his guns made and tested here, and their strengtii 
as clearly demonstrated before 1845 as they have been since, not 
only was a full account of the process and of the results published 
here in that year, but a French translation of his pamphlet was 
published in Paris, in 1848, bv a professor in the school of artQ- 
lery at Vincennes ; and Mr. Treadweirs patent, with full specifi- 
cations, was published in England before Sir William Armstrong 

%aia his experiments. 
The difficulties to be overcome in making such a gun, — great 
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at all times, as Sir William Armstrong and Mr. Anderson testify, 
— were far greater in 1842 than in 1863. These difficulties were 
mainly, if not wholly, in welding lar^e masses of wrought-iron in 
the shape of tabes or cylinders. It is for overcoming these diffi- 
culties that this medal is bestowed, and especially for the means 
and appliances by which thiif difficult mechanical achievement was 
effected in the furnace * by the agency of fire.* 

'* An incidental but noteworthy part of tlie improvement was the 
welding by hydrostatic pressure, — an operation which is just now 
coming into use in England, but has not yet attracted attention in 
this country. 

" We come now to the second improvement in the construction 
of artillery, the invention of the hooped gun. 

'* This is not always clearly distinguished, even by those occupied 
with the subject, from the ^un formed of coiled rings. But a 
simple statement will bring mto view distinctly the new principle 
of strength here introduced. 

" If an elastic hollow cylinder be subjected to internal fluid press- 
ure, the successive cylindrical layers of the material composing 
it, counting from within outwards, will be unequally distendecf, 
and the resisting efficiency of the outer layer will be less than 
that of any layer nearer ttie axis. And if ttie walls of the cylin- 
der are thick, and the internal pressure surpasses the tensile 
strength of the material, its inner layer will break before the outer 
one has been notably strained. Hence the tensile strength of a 
squsure inch-bar of the material is the measure of the maximum 

Srfessure the cylinder can bear, when constructed as guns were 
efore the introduction of the improvement now under considera- 
tion. The improvement does away with this limit, and enables 
us togo indefinitely beyond it. 

*' This is accomplished by so constructing the ^un that the inner 
layers are compressed by the outer ; whereby Sie internal press- 
ure is first resisted by the outer layers, which must be distended 
enough to allow the internal compressed portion to attain its 
normal conditon before this internal poition (which is the first to 
break in the common gun) is subject to any strain at aU. It will 
be perceived, that, if ttiis principle could be rigorously applied, a 
cannon could be made so perfect, that, when subjected to a burst- 
ing pressure, every fibre, from the internal to the external sur- 
face, would be at that instant equally extended, each contributing 
its full share of resistance to fracture. The whole resistance 
would be proportional to ttie area of fracture. 

•* This was supposed to be the case in common cylinders before 
the error was pointed out by Barlow, and also by Lamie and Cla- 

geyron. And it was this erroneous supposition that led Count 
lumford to his exaggerated estimate of the force of gunpowder, 
as tested by its power of bursting gun-ban-els. If he had used 
the theory which gave origin to the hooped gun, his results would 
nearly have agreed with modern observations. 

"The demonstration of the superiority of the hooped gun, with 
detailed directions for its construction, is contained in a paper 
read before this Acadeniy in February, 1856, and published at the 

10 
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V jinr.inff of the rixth Tolmne of" onr 'Memoirs.' This was the 
fi.-*: ; r .>h->l :u-'-"unt of th(* iDvention, which had been patented 
D- i-.\ .H \' AT ^--fort'. C*:ii>tain Blakely^s pamphlet, pablished in 
Er.j..*r; ! i:i W.<«. m-:« fcinli the advanufves of this construction by 
'ini.i-r i.rj-jmiTii* : as a!<<> d>«*s an chihorate paper read by Mr. 
L» ■' jt! !:r.* r^^'rir** iho Institutkiu of tivil En^neers in Febniaiy, 
1 "v". . l>..:h iht— .- g'-ntlemc-n. however, were en^ged in researches 
u;> -n :iii-* >u''-jf«*i at an eiirlier date, but not so early, it would 
*]•:•■ ir. .1* W.1* Mr. Trt-adwell. 

•• T::- valj'.ity "if the principle, and the soundness of Mr. Tread- 
wr ■..".* vivw* uj"^!i thi' wh«»k* subject, as set forth in his memoh', 
havr- U-.-n ainnly ctntinned by special experiments made in 
Enj'.An-l with the'Blakelv and Whitworth guns, and. by experience 
in ;:!:> •^••untry, during tiielast four years, with the Parrott and the 
Biakvly ffnns. 

"I: fuii^t ni»t be supposed that the earlier invention is superseded 
by tht- l;ttvr one. Th:it is used informing the hoops of the Farrott 
pin. an«l in ni •<! of the British guns. And the best gun whidi 
iN»uld now \te ma«lt\ as experii'nce has shown, w^ould be composed 
of a harrt'l of i*a.«t-iri)n ur ^toel, inclosed and compressed by a 
cyliiiiJr^r of i-nil. 

' " Wi* need not discuss the question of priority of invention be- 
twoon Mr. Tn'iidwfll and others, competitors for a share in the 
hi*:'.or of pn^duoing the m<Hlem cannon. His independence of 
euih and a\\ of them has never been called in question. Nor will 
it ev.r seriously be thought that the previous futile attempts at 
conMnieiing wriMight-iron and handed ^uns — foredoomed fiiilures 
Ixnh in the«.>rv and pnictice, and destitue of all pretension to a 
knowledire of the guiding principles now clearly seen to be essen- 
tial to success — should "detract in the slightest decree from the 
gn\it lionor which our associate has, by a clear insight into the 
conditions of the problem and the resources of physical science, 
so fairiy and completely won. 

•• Upon these two inventions has been set the seal of experience. 
But there is another memoir, read bv Professor Tread well before 
this Academy in April, 18G4, and printed soon afterwards, which 
pri>niises to add a third important improvement in the construc- 
tion of artillery. 

** Perceiving that the body of a hooped gun, if made of unmal- 

Icablc cast-iron, compressed by a soft wrought-iron hoop, must give 

way, by the fnicture of the cast-iron hoop, before the hoop can 

approach the ultimate limit of its strength, and that this was, in 

fact, a principal cause of the failure of so great a part of the large 

guns of Blakely and Parrott, Professor Treadwell, as the principal 

result of this tliird investigation, proceeds to show, that, to attain 

with effect the end sought for by hooping a cast-iron gun, it is 

necessary to hartlen the wrought-iron hoop by cold hammering 

and severe stretching before placing it upon the gun-body. He 

omputes that, by this simple means, a hooped gun may be made 

nore than twice as strong as those which have been constructed 

>y Blakely and Parrott, the materials being in both cases the 

same. 
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**In this important discoyery, as also in other matters discussed 
in his latest memoir, we are gratified to see, that, although now 
carrying the weight of more than three-score-and-ten years, our 
veteran colleague still keeps the lead, which he gained at the 
start, of his competitors in this race of improvement. 

" So completely do these three improvements cover the ground, 
that, if the works of all other inventors who claim a shar^ in the 
^eat gun of the nineteenth century were lost, the gun could be 
restored (rifling excepted) from Mr. Treadwell^s papers alone.^^ 

CASTING OF A TWENTY-INCH CANNON. 

Another twenty-inch ffun was recently cast at the Fort Pitt Iron 
Works, Pittsburg, Pa., being the third one of that size. This is 
the first naval gun, however, and is intended for the ** Puritan," 
consort of the "Dictator," both ocean monitors. The two pre- 
Tiously.cast were army guns. They are Rodman guns, that is, 
cast with a water-cooled core. 

The quantity of metal melted at once was enormous ; not less 
than 140,000 pounds, and three furnaces were in use to accom- 
plish it in time, the fires being started at 4.30 A. m. on the morn- 
ing of pouring. The iron was in the following proportion: 
101,000 Juniata, second fusion; 39,000 Juniata pi^, from the 
Bloomfield furnace : tliis is stated to be the finest quality of metal, 
for gun founding, in the country. The furnaces were tapped at 
12.10, and the mould was filled in a short time. 

The len^h of the rough casting is 236 inches. The maximum 
diameter is 65i inches, and the minimum 48 inches. When fin- 
ished, the breech of the gun will measure 64 inches in diameter, 
and the nozzle 35h inches. The length of the cylinder bore is 
147 inches, depth of chamber 10 inches. The thicKness of metal 
outside the bore, at the breech, is 22 inches, and at the nozzle 
7 9-10 inches. Diameter of trunnion 18 inches. At 9.20, Sunday 
morning, the water was turned off, at which the temperature was 
97°. The core barrel was hoisted, when it came out perfectly 
clean, there bein^ every indication of perfect success in the cast- 
ing. After the barrel was hoisted out, a very small stream of 
water was allowed to flow into the bore, when it immediately 
became steam. This was to be continued until 8 o'clock, when 
a column of cold air would be forced in, and the cooling process 
completed in this way. — Scientific American. 

THE FALLISEB GUN. 

Last August, four Palliser guns were tested with perfect success 
at the proof butt in the Royal Arsenal at Woolwich, under the 
superintendence of Lieutenant-Colonel Freeth, Assistant Superin- 
tendent of the Royal Gun Factories. These guns were formerly 
cast-iron 32-pounders and 24-pounders, and have been converted 
into 64-pounders and 56-pounder3, at Els wick. Twentv more of 
these guns arrived the same day at Woolwich, and will at once 
be sent to proof. A 64-pounder raUiscr gvx\i bA& ^d^^ xxsA^'l^^^p'^ 
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a most severe test of endnrance. This was a 32-ponnder, weigh- 
in«f only 58 cwt. According to the "Times,^* the test was as 
follows : Two rounds, with cnarffes of 16 lbs. of powder and 150 
lb. cylinders ; 10 rounds, with charges of 20 lbs. of powder and 
100 lb. cylinders ; and, finally, 10 rounds, with 16 lbs. of powder 
and 64 lb. shells. The sheUs were loaded with their fuse-holes 
toward ylie powder, and, as the fuses had been taken out, the 
flash of the discharge set fire to the powder in the shells and bcuft 
them in the gun. It was generally expected that this test wodd 
have burst the gun, or, at all events, that it would have blown 
oflf the muzzle, or otherwise have rendered it unserviceable ; but 
beyond tlie one fiict of the bore being scratched by the splinter of 
the shells, no injury was perceptible, and the gun was loaded with 
the same facility and fired as before. It appeared from a subse- 
quent examination that some of the shells had burst before they 
had moved, and that others had burst close to the muzzle of the 

fun. A number of 64-lb. shot were then fired with 16-lb. charges, 
ut, instead of the shot being rammed home, they were only 
pushed down to certain positions in the gun, so as to leave vacant 
spaces of 5 inches, 10 inches, 15 inches, 20 inches, and 25 inches 
between the powder and the shot. To the astonishment of 
every one present, the gun had not sustained the slightest injury. 
It was therefore decided by the Ordnance Select Cominittee to 
put the gun through a supplementary trial to ascertain its maxi- 
mum or nighest power of endui-ance, when it will have to fire 
20-lb. to 25-lb. and 30-lb. charges, with cylinders of 150 lbs. 
weight. Major Palliser has expressed great confidence in the 
strength of the gun, and states that he has no fear of the result 
of any feasonablo amount of proof, even beyond what is abso- 
lutely necessary. The trial, it is admitted, has already borne out 
the anticipations of the inventor and manufacturers, and has fully 
justified the recommendation of the Ordnance Select Committee, 
and their introduction of these guns for the consideration of the 
War Department to use up the heavy stock of guns on hand. On 
account of tlieir weight, their service charges will be only 6 lbs. 
or 8 lbs. of powder. Sufficient evidence, it is stated, has already 
been obtained to prove that we have thus a most eficient and 
reliable addition to our stock of rifled ordnance ; a fact which, in 
the present difficulties with which the government is embarrassed 
for want of serviceable guns, will beliailed with much satisfac- 
tion, more especially as the two new guqs now pronounced suc- 
cessful, — those of Major Palliser and Mr. Frazer, — will be 
produced at a cost far below that of the present guns, in which 
the country have long since ceased to have any confidence. 
— Mechanics^ Magazine, 

CHILLED SHOT. 

Mr. Fairbairn, in his treatise on iron ship-building, which 

appeared so recently as the close of last year, records his opinion 

*hat cast and wrought iron were not materials calculated to make 

erious impression upon armor-plates, and that nothing had been 

ind to answer the purpose better than hardened steol. The 
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cast-iron pre^red by Dr. Price, and the case-hardened shot pre- 
pared by Major Falliser, Mr. Fairbaim considered, might answer 
the purpose m some cases ; but he questioned whether this mate- 
rial, however well prepared, could be made to hold together, and 
not break in pieces when the shot struck the plates. So he came 
to the conclusion that steel shot and shell were the only projectiles 
suited for attacking iron-plated vessels. Major Falliser, however, 
has recently succeeded in demonstrating most thoroughly and 
practically, that, by his method of chilling the shot when cast, he 
obtains a metal possessing a hardness equal to tiiat of steel and a 
toughness approaching very closely to ttiat of wrought-iron. He 
has thus solved one of the most important questions of modern 
gunnery, — that of penetrating armor with shells which do not 
explode until they have passed through the plate and backing, 
or, in other words, completely through a snipes side. Major 
Palliser is by no means tne first to accomplish this object : the 
credit of that is due to Mr< Whitworth, who effected his purpose 
with comparatively small projectiles and low charges of powder. 
Following the latter gentieman, others have done me same thing ; 
but two serious drawbacks to success were always present. The 
shells for the most part exploded backward on contact ; and being 
made of steel, were very expensive, their cost for large ordnance 
rans^n^ from £7 to £20 each projectile. So, on the score of im- 
perfection and of costliness, absolute success was not attained by 
any, nor, until Major Falliser had perfected his chilled shot, which 
are both cheap and efficient, was it considered attainable. But 
the question was set at rest by a series of experiments which 
were carried out last week, at Shoeburyness, with various kinds 
of shell. 

These experiments were instituted for the purpose of testing 
Major Palliser^s chilled shells against those of the best steel pro- 
jectiles, and in their results proved most valuable. The principle 
upon which Major Palliser manufactures these shells is worthy 
of notice, as being something more than the old process of chill- 
ing. As the shells are required for a particular purpose, they 
must have something more than a mere chilled surface ; a definite 
and csvrcfuUy determined hardness must be imparted throughout 
the metal. This condition is attained by a selection and combi- 
nation of those brands of iron which have been found by experi- 
ment to chill to the exact extent required, a careful mean being 
observed between iron which it is difficult to chill and that which 
chills too hard. Added to the principle of manufacture, is the 
principle of construction, which goes far toward the success of 
the projectile. The form given by Major Palliser is such as will 
convert the sudden shock of impact as much as possible into a 
uniformly increasing pressure. In other words, the projectile 
has an elongated, pointed head, which is as essential an element 
in it as is the perfect chilling of the metal. Upon the occasion in 
question, the firing was from an ordinary seven-inch wrought-iron 
muzzle-loader, with full battering charges of twentj'-two pounds 
of powder, and a rttnge of two hundred yards. The shells were 
directed against a "Warrior" target, which was built of tb-^ 

10* 
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ordinarj foar-and-arhalf-inch plate, with eighteen inches of teak 
backing, and an inner iron skin ; the whole well braced and 
strengthened. Half the target was bolted on 3Ir. Bascomb*9 plan 
of India-rubber pads, the other half of the bolts being secured 
by Mr. Pagefs steel cup washers. At the conclusion of the ex- 
ueriments it was found thift Mr. Basoomb^s system had stood 
better than Mr. Pafl^fs ; but then it appears thiU the shots almost 
invariably struck that part of the tar^t bolted on Mr. Faget^s 
principle]^ while that portion fastened with Mr. Basoomb's wawers 
was scarcely touched. The experiments were commenced by 
firing a steel shell on Major Alderson^s plan, having a screwed 
base, and being charged with three pounds of loose powder. 
The shell penetrated the fonr-and-a-half-inch plate, bat did no 
more, except to explode backward from the face of the target. 

The next shell, which was of the best steel, of Mr. I1rth% passed 
through the plate and entered the wood backing, bat it exploded 
outward as the first had done. The third shell struck on the edge 
of the hole made by the first, passing easily throno^ and explcS- 
ing in the teak backing, which it set on fire. 0£er shells were 
tried, with similar results, in some instances ; in others they were 
even less satisfactory, some of Mr. Firth^s shells bursting before 
they reached the target*: a few exploded in the gun. ^niree of 
Sir William Armstrong's conical-headed shells, made on the Bel- 
fi;ian pattern, with a sharp cone, were fired, and produced a simi- 
ULT effect to those previously fired. After all the steel shells had 
been tried, MaJT>r Pallisers chilled-iron shells were tested, and the 
first shot proved the supNerioritv of the system over all the others. 
The shell struck an uninjured portion of the target, and went 
through the plate and backings so quickly as not to explode until 
it had passed beyond. The oacking where the shell had passed 
through was splintered into fragments ; and had the object been 
the side of a ship, instead of a target, the results would have been 
most dama^ng to a gun's crew at quarters. The charge of the 
second Palliser shell did not explode ; but, after passing through 
the target, the projectile broke itself up into fragments, which were 
sent spinning about in all directions with a velocity nearly as dan- 
gerous as an explosion would have imparted to them. 

The results of these two shots were so conclusive that the charge 
of powder was reduced to eighteen pounds, with which the third 
shell was fired. This shell missed the target, and went away to 
sea; the next, however, which was fired without a bursting 
charge, went through the target, breaking up and scattering its 
fragments as before. The charge was then further reduced to 
sixteen pounds of powder, which was nearly equal to increasing 
the range from two hundred yards to one thousand yards, while 
the velocity of each shot, on striking, was less than thirteen hun- 
dred fwit per second. But for all this, the next shell penetrated 
the plate and backing, and was only stopped bv coming in con- 
tact with one of the heavy struts which supported the target from 
'shind, and whicti it broke. At this stage of proceedings, the Ord- 
wice Select Committee ordered the firing to cease, considering 
continuation would only be a waste of time and powder. This 
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will be the mmre apparent when we state tiiat, a few weeks since. 
Major Palliser^s projectiles were tried a^inst the " Bellerophon^ 
target, which has six inches of iron, with twenty-two inches of 
t«ak, and an inch iron inner skin. The results, however, were 
precisely sinular to those with the "Warrior^ tar^t, the shells 
passing through quite as easily. The results, there&re, constitute 
a victory for guns over armor-plates, and this long-pending ques- 
tion may be considered for the present as definitively settled. For 
the present we say, because, although the '* Warrior's ^ stron? sides 
afford but little more protection a^nstMajor Falliser's shells than 
would those of a wooden ship, it is possible that we mav in time 
find some means of neutralizing the damaging effects of mese pro- 
jectiles. It always has been so; throu^out the history of the 
question, victory has always alternated l^tween the guns and the 
plates. But, unquestionably. Major Falliser has gained such a 
victory as will not easily be reversed, and has inaugurated such 
a conoition of things as will require a lon^ time and a considerable 
amount of scientinc and engineering skill to render obsolete. — 
Mechanics* Magazine, 

CHILLED SHOT Am> THE SH0EBT7BTNESS EXPEBDCENTS. 

As the facts come to hand, it is apparent that the success of tiie 
shots made by the nine-inch gun at Shoeburyness, on the 20th of 
September, was due mainly to the character of the projectile, and 
not to the gun nor the charge of powder. The Palliser shot and 
shell are made of chilled iron, which has been pretty satisfactorily 
proved to be superior in penetrating qualities to either wrought- 
iron, ordinary cast-iron, or steel. Both steel and chilled shots were 
used in these experiments, but while the hardened-steel shots 
failed to penetrate through the target, and either broke in pieces, 
or were compressed and bulged out of shape, every one of the 
chilled-iron shots did effective service, never in one instance 
changing in form. 

The target used was about forty feet long by eight feet high, 
built of single thickness of rolled wrought-iron, eight inches 
tiirough, bolted by the Falliser screws to a backing of eighteen 
inches of teak timber and an inner plate of three-quarters of an 
inch iron. The whole was sustained by heavy timber backs. The 
face of the target was not in one plane, but half of its length was 
inclined at an angle of thirty degrees to the other half, the line of 
fire being the same in bom cases ; so that a shot against the in- 
clined face would make, with the target, an an^le of sixt^ degrees. 
The gun was a nine-inch muzzle-loading rm^ with increasing 
twist of thread, throwing shot of two hundred and fitly pounds 
with charges of forty-three pounds of powder. The distance fired 
was two hundred yards. * 

The steel shot were cylinders having either pointed heads struck 
on a circle the diameter of the shot, flat heads, or the Belgian or 
ogee head. All of them were hardened in prussiate of potash and 
oil, or water. Some of them were solid, others shells with the 
head screwed into the body, or the base secured in the samft is^sjcl* 
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ner. Oat of twenty-foar shots, twelve were of this character. Not 
one of them passed throu^^h the target, and eveiy one was either 
hn)ken into fragments or balgod out of shape. 

The Palliser chilled shots in every case penetrated the hxm plate, 
and in one instance, on the square face of the tarvet, went en- 
tirely through plate, backing, and lining, and lodged in a pole of 
iron plating, brick, and stone masonry, twelve feet in the rear of 
the target. In no instance was the form of the shot changed. The 
Falliser shots and shells have heads formed on a radius^ one and 
a half diameters of the cvlindrical portion. Whenever the Falliser 
shots struck the inclinod face of the target they penetrated, while 
the cast-steel shots sometimes glanced off. 

One circumstance in this trial is remarkable. The steel shots 
wore so hot after striking the target that they could not be handled, 
while the chilled shots were barely warm. This, wiA tbe fact of 
the change of form in the steel projectiles, proves that much of the 
energy of the shot had been expended in this direction, instead c^ 
in penetration. 

While the velocity of the shots fired in our Fortress Monroe 
experiments exceeded in no instance 1,155 feet per second, tiiat 
of those in this Shoeburync^s trial ranged from 1,260 to 1,340 feet 
per second. At such an initial velocity, with a distance of only 
two hundred yards between the gun and target, it ceases to be 
very surprising that it was possible to throw shot t]tu:oi^;fa such a 
barrier. — Scientific American, 

PENETRATION OF SHOT, AND BESISTANCE OF IBONCLAD 

DEFENCES. 

Captain Noble has lately carried out a series of experiments 
under the direction of the Ordnance Select Committee, for the 
purpose of determining various points connected with the resist- 
ance of iron plates, and his paper forms part of a report which 
he has submitted to the committee. 

The above series of experiments were instituted for the purpose 
of determining the following points : 1st, To determine the rela- 
tive penetrating effects of two steel shots on an iron plate, pro- 
vided they stnke with the fcSame "work" or mechanical effect, 
notwithstanding the one may be heavy, with a low velocity, and 
the other light, with a high velocity. 2d, To determine the rela- 
tive resistances of a plate to penetration, by two steel shot of 
similar form of head, and striking with ** work" proportional to 
their respe^jtive diameters. In order to determine, the first point, 
the committee fir^d a number of hcmisphencal-headed steel shot 
from a muzzle-loading gun of 6.8-inch calibre, at 4i and 5i-inch 
unbacked plates, the weights of the shot being different, viz., 
35 lbs., 70 lbs., 106 lbs., and the diameters the same, viz., 6.22 
inches. The charges with which these projectiles were fired 
were arranged so that the ** work" was the same in each case, — 
that is to say, the velocity on impact of the light shot was much 
greater than that of the heavy shot, while the expression W v*, 

eight of shot multiplied by the square of its velocity, was oon- 
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fltant. The results of these experiments^ were very interesting, 
and are folly detailed in the tables which accompany Captam 
Noble's report 

The conclusions which hare been drawn fh)m these results will 
be given when the second point has been considered. To deter- 
mine this question, viz., the relative resistance of a plate to 
penetration by two shot of similar form of head, and striking with 
«• work" proportional to their respective diameters, the commit- 
tee fired a series of steel hemispherical-headed shot, of various 
weights and diameters, at ^ and 5i-inch unbacked wrought-iron 
plates, the velocities being so arran^d that each projectile should 
strike with a work proportional to its diameter. Thus, suppose 
the comparison to be made between a 7-inch shot animated with 
a *• work" represented by 1,000, and a 9-inch projectile, the latter 
should strike with a *• work " represented by 1,286, or in the pro- 
portion of 9 to 7. Having finished the details of these exper- 
iments. Captain Noble proceeded to consider the effects of shot 
striking a plate obliquely or at an angle. A small number of 
experiments have lately oeen made in connection with this part 
of the subject, and, although further trials are necessary, the 
general results go to prove that the power of perforation pos- 
sessed by the shot is diminished in the proportion of the sine of 
the angle of incidence to unity. • 

The subject of cast-iron projectiles next claimed attention, and 
Captain Noble explained the difference between the effects of 
cast-iron and steel shot. With the former, much of the total 
•• work " is expended in breaking up the projectile on striking, 
and hurling the pieces in different directions, whereas, when the 
shot are carefully manufactured of the very best steel, very little 
"work" is done on the projectile, and, m some instances, the 
material of the shot has been so perfect, that its alteration of form 
after penetrating the plate has been almost inappreciable. 

From this subject Captain Noble passed to the consideration of 
the proper form and material of projectiles to be used for the 
penetration of iron-clad defences. It has been clearly demon- 
strated by numerous experiments, that ordinary cast-iron is 
almost useless as a material for the manufacture of the above 
projectiles. Steel is an excellent material for shot, but it is also 
most expensive ; and, as recent experiments have shown that Fal- 
liser^s chilled iron is almost, if not quite, as good as steel, we 
shall probably use this material for solid shot, and employ steel 
for shells alone. Various forms of head have been proposed for 
steel projectiles. Thus, we have had the flat head, relied on by 
Mr. Whit worth, the round head, elliptical head, etc. The flat 
head has gained a ^eat reputation, from being the shape used by 
Mr. Whit worth in his first experiments against the ** Wanior " tar- 
get. Of all these forms, however. Captain Noble prefers the 
pointed, or o^val head ; and he described, by means of a dia- 
^am, the difSrence in effect between the pointed and the blunt 
form. The blunt, that is, flat-headed or round-headed shot on 
striking an iron-clad structure, such, for instance, as the ** War- 
rior," pundies a piece of armor out of the p\8A«^^ 9iSi<\ ^f£S[^^Vu\^^ 
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into the ship; therefore, no iron-clad, whether iron-built or 
wooden-converted, should be without an inner skin. 13th, The 
bolts known as "Palliser^s bolts ^^ are the best for securing 
armor plates. In these bolts the diameter of the shank is 
reduced to that which it is at the screwed end. The author of 
tiie paper preferred the English punching system of high charges 
with small shot to the American racking system of heavy cast-iron 
shot propelled with low charges, on the ground that by the former 
method, a ship might be sunE, or some vital part injured, in much 
less time than womd be required to destroy her by the American 
lajstem. — Bqwrt of British Associatianf 1866. 
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THE NEW THEOBT OF LIOHT. 

The following are extracts from a letter to the ** Reader" by J. 
G. Macvicar, on Professor C. Maxwell^s electro-magnetic theory 
of light, of which he says: *' A slight inspection is sufficient to 
show that it sets the seal of mathemetical consistency and prestige 
npon ideas which mast modify profoundly all our popular ideas 
on solar radiation. With regard to light, it sanctions the idea 
that it is an electro-magnetic phenomenon, and such, therefore, 
that'it must observe the laws and produce the phenomena of what 
is commonly known as polarized action. Ana does not this Tiew 
at once relieve speculative astronomy of some of its greatest 
difficulties, and open the way for a hap^y explanation of some 
of the most remarkable but still nnexplamed phenomena of the 
heavens P 

'* Thus, our first physicists, taking for granted, as to the solar 
action, the hypothesis of an universsQ and mdiscriminate radiation 
in all directions into space (or in accordance with modern science, 
let us say into the ether) by such a body as the sun, just as if he 
were a spherical gong poised in compressed air, and struck from 
within sunultaneously all round, have been bestowing of late 
years infinite pains to explain how his brightness is kept up 
during all time, without any loss, ^ far as can be discovered. 
But, u not gross mechanical undulations to and fro in compressed 
air, but a rhvthmical action in ether — electro-magnetism, in short 
— is to be the type to which light and radiant heat are to be re- 
ferred, then there will be no waste of solar action at all, and there 
need bo no more concern about the permanence of the sun^s bright^ 
ness. For if the solar action, with respect to which, so far as ob- 
servation goes, we know only that it illuminates the various ifiem- 
bers of our planetary system, be of an electric or electro-mi^netic 
nature, then, after having induced a similar state of action in 
the medium immediately surrounding him, — that is, after having 
surrounded the central orb with a photosphere, — it will render 
the ether immediately beyond almost, and soon altogether, non- 
conducting in all directions, except those in which bodies in a 
dissimilar state present themselves, — that is, the sun will be in- 
sulated in the ether, except in the direction of planets, satellites, 
meteorites, etc. In all other directions, his action will be con- 
served. And even in the direction, in which he radiates to a 
distance, he will receive back again as much as he gives away. 
**nch is the well-known phenomenon of electrical and magnenc 
ion. In exchange for the light and heat which the sun gives 
the planets, he will receive from them a negative, reciprocal 
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complemental or harmonic action, by which his own will be sus- 
tained or increased ' or diminished, according as the amount of 
dissimilari^ existing between him and them is greater or less at 
the time. The solar radiation proper to the same column of space 
-will be more intense in winter than in sunmier, and in the arctic 
regions than in the torrid zone. 

** Again, it is a serious undertaking to explain on the h3rpothe- 
sis of universal and indiscriminate radiation, diminishing as the 
square of the distance increases, the brightness or even the visi- 
bility to us of the distant planets. But what we observe in nature 
is precisely what we should expect on the electro-mag^netic theory 
of light. The remote planets, by being placed in positions which 
-would tend to involve them in coldness and darkness, are thereby 
rendered in these respects more dissimilar to the central orb ; 
they will therefore be all the more illuminated and warmed by 
him ; and the climate of the most remote members of our system 
may possibly be as genial, and their day as bright, as ours. 

** Again, since all the bodies between which and the sun, ac- 
cording to this theory, action and reaction take place, circulate 
in planes corresponding to low latitudes in the sun, a reason 
appears why these regions of the solar disk should be peculiarly 
the regions of storms in his photosphere ; and the way is open 
to a theory of sun-spots and faculsei in a direction in which indeed 
a step has been made already by Mr. Balfour Stewart, in con- 
necting certain states of the solar illumination with the positions 
of the planet Venus.** 

TELOCITY OF LIGHT. 

The observations of the eclipses of Jupiter^s first satellite, and 
those of the phenomena of aberration, lead directly, although 
with a different degree of approximation, to the detennination 
of the time light occupies to run over the mean distance of the 
sun from the earth. To deduce from this the absolute value of 
the velocity of light referred to our ordinary units of length, we 
must know how many miles are contained in the distance from 
the sun to the earth. The value of this distance is found by 
means of the parallax of the sun ; we designate thus the angle 
nnder which, being at the sun's centre, we would see the radras 
of the earth. The sun's parallax, calculated from the observa- 
tions of the last transit of Venus over the disk of the sun, is fixed 
at 8.57 seconds ; hence the distance of the sun from the eartli is 
eqp&L to 24,109 times the radius of the earth, or to 95,384,900 
miles. As this length is run over by the light in 8 minutes 18 
seconds, or in 498 seconds, we conclude that the velocity of light 
is 191,391 miles in a second. 

However, for some years, several circumstances have conspired 
to make us believe that the determination of 8.57 seconds given 
as the value of the sun's parallax is too small, and that the parallax 
ou^ht to be au^ented by a quantity not less than the thirtieth 
of Its value, which would elevate it to about 8.9 seconds. From 

11 
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this iDcrease in parallax resnlts a diminntioii in the earlii^s dis* 
tance £rom the sun, and consequently in the distance gone over in 
8 minutes 18 seconds by the light; the Telocity of light will 
therefore be reduced to a little less than 186,420 miles in a second. 
The next transit of Venus, which will happen in 1874, cannot M 
to set at rest all doubts which may yet remain on this point « 
Delaunay, in Bcientifio American, 

MECHANICAL EQUITALENT OF LIGHT. 

Professor Thomson of Copenhagen has ascertained that the 
mechanical equivalent of light, of the luminous radiation as 
distinct from tnoiobscure radiation, fh)m the flame of the fVendi 
standard bougie is as nearly as possible 1.74 kilogranmietres per 
minute, being about 1-60 of the mechanical equivalent of the 
total radiation from the same flame. A writer in *' Cosmos" has 
calculated from this the mechanical equivalent of the total light 
of the sun. He finds it to amount to sometiiing like that of 1,230 
septillions of bougies, or to 35 billions of tons lifted a billion of 
kilometres per second — the lifting of 35 billions of tons (French) 
a billion of kUometres being about equal to lifting the weight of 
the earth 20 feet. 



COLOB OF SUNLIGHT. 

M. Memorski, of Vienna, confirms M. Brucke's observations, 
that difi'used solar light, instead of bcinff perfectly white, is tinged 
with red, just as the flames of gas or lamps are tinged with yel- 
low. Diflfused light, received at noon through a cloudy sky, de- 
viates by one twenty-second part of the chromatic circle from the 
extreme red of the spectrum toward the violet. The light of burn- 
ing ms^nesium, which appears to be so Uke sunlight, has also a 
tinge ofviolet. 

COLOBS IN THEIB RELATION TO ARTIFICIAL LIGHT. 

Never select colors in the evening, is an old maxim, whose vahie 
can be attested by many a disappointed purchaser, who, ignonmt 
or disregarding this advice, and deeming himself the favored pos- 
sessor of some tint of rare excellence, discovers, on the return of 
daylight, a color far from equalling his anticipations. The artist, 
overtaken* by darkness, hastens to apply the last touches to some 
masterpiece; but the morning light reveals how poorly hisin> 
tentions h^ve been realized. The cause of this inconstant is 
explained, and a remedy suggested, in a late article in the ** rho- 
tographic News." 

From the spectral analysis, we learn that the flames of our 
lamps or gas-lights contain sodium, which, in burning, yields a 
vellow flame, as strontium gives a red, and iridium a blue flame. 
Now, when the color blue is illuminated by the yellow light, it ap- 
pears green ; but if Hie flame strikes a color complementary to 
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yeHow, it will appear white or black, according as the body has, 
or has not, the power of reflection ; which is equivalent to saying 
that this flame alters the nature of colors, deepening the hues of 
some, and extinguishing others. 

Take a spirit-lamp and put into it a piece of common salt ; the 
wick will soon become saturated with sodium in solution; the 
flame, in consequence, will be yellow, and all colors will assume 
a monotonous white, black, or gray. It is only when this sub- 
stance is in excess that we have me total extinction of colors, but 
a f^me less rich Will produce a partial extinction, and this is the 
reason why colors are at all visible by ^as-li^ht. It may be asked, . 
whence does illuminating gas derive this sodium P From the coal ; 
from tiie water with which the gas was washed; it comes also 
from matters employed in its puiS&cation, and probably even from 
the atmosphere. 

The only hues which resist only slightiy the yellow flame, are 
furnished by the blue ; all the other colors are profoundly modi- 
fied. Fortunately, the flames which serve as sources of li^ht are 
never saturated with sodium, hence the effects are great^ mod- 
ified. 

The light from the burning of magnesium alone brings out tiie 
various colors, both natural and artificial, in the same hues as they 
appear by daylight. The services of chemistry render, then, to 
painting, not only colors more or less rich, but also it has widowed 
It with a mode of lighting, whereby the painter may be able to 
work at night without incurring mistakes or illusions. — Bcientific 
American. 

fiPECTRUX OF AQUEOUS TAFOBS. 

M. J. Jannsen has Just communicated to the Academy of Sci- 
ences a memoir ** On the Spectrum of Aqueous Vapor." His 
observations were made with an iron tube thirty-seven metres 
long, filled with' steam, under a pressure of seven atmospheres ; 
the light was furnished by sixteen gas jets. The spectrum showed 
five ^irk bands, of which two, well marked, answered to D and 
A (Fraunhofer), and reminded the observer of the solar spectrum 
seen in tiie same instrument toward sunset. According to the 
first comparisons made between the spectrum of steam and that 
of solar ught, it appeared that the group A, B (in great part, at 
least), C, two groups between C and D, are due to the aqueous 
Tapor in the atmospnere. Another interesting result was given by 
the spectrum. The spectrum was very dark at the violet end, 
and brilliant in the red and yellow, showing that aqueous vapor is 
very transparent to the latter rays^ and suggesting that it will 
appear orange-red by transmission, and redder, according to the 
thickness of the layer. This result requires to be carefmly veri- 
fied, and, if established, will explain the redness always observed 
at sunrise and sunset. He hopes soon to be able to pronounce 
upon the existence or non-existence of aqueous vapor in the at- 
mosphere of the planets and other stars : at present he can only 
say, that it does not exist in the atmosphere of the son. 
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COXPLEXERTiLET 00LOB8. 

The production, by M. Niepce St. Victor, of black in tdiotognk- 
phy, by means of complementary colors, has given iise to re- 
searches on the subject by M. Chevreii], who foond that, although 
complementary radiations of the spectaram prodace white, those 
radiations which emanate from complementary coloring matters, 
applied in succession or simultaneously to the doth, etc., afford, 
accordinjET to the accuracy of the proportions, black, brown, or 
gray. I^us, a blue pattern printed on orange will appear black. 
This subject, when fully developed, may have a most important 
bearing on arts and manufactures. 

KEW FOLABIZIKG FBISIL 

MM. Hartnack and Prazmowski reconunend deviathig from 
the form of the Nichol prisms. The shape they reconmiend is 
shorter, and has both ends normal to the incident and emergent 
rays. According to the cementing substance employed, they gtve 
the following angles: With Canada balsam, refracting index 
1549, the faces of the Iceland spar make with the plane of see* 
tion an angle of 79^ ; with balsam of copaiba, index refr. 1507, 
the angle is 76^.5 ; with linseed oil, index refr. 1485, the angle is 
78°.5 ; rich poppy oil, index refr. 1463, 71°.l. The two nuddle 
ones give the largest angle of the field, viz., 35^. 

WHY THE SKY IS BLUB. 

It is generally supposed that the blue color of the sky is due to 
moisture in our atmosphere ; and the idea seems to be confirmed 
by the intensity of the color during the moist weather of summer, 
when compared with the sky of the more dry-weathered winter. 
It has recently been shown by Prof. Cooke, of Cambridge, in a 
paper read to the American Academy of Arts and Sciences, that 
this view is correct. He has found, by means of the spectroscope, 
— a very delicate instrument of analysis, by which the most minute 
substances, even when at a distance, can be detected, — that the 
aqueous vapor of the atmosphere absorbs most powerfully the ye^ 
low and red rays emanating from the sun, leaving the blue rays to 
be transmitted, and thus accounting for the color of the sky. The 
instrument also proves that the color is due to simple absorption 
of these rays by the water, and not to repeated reflections from 
the surface of an infinity of drops, as has been supposed. 

DEFECT IN THE POLABISCOFE, WITH A SIMPLE AlO) EFFECT- 
IVE REMEDY. 

The author stated, that, having been engaged in some experi- 
ments witli polarized light, projected on a screen by means of the 
oxy-hydrogen lantern, ne discovered that even the best instru- 
ments which were constructed were inefficient, inasmuch as none 
*^^ the axial rays transmitted through the condensers were Polar- 
is the main body of the luminous cone undergoing reflection 
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from the polarizer without bein^ really polarized. He remedied 
this by intercepting the light with a nint concave lens before it 
reached the polarizer, so that the whole mass of rays, being pro- 
jected in a parallel direction, was completely polarized. On leay- 
uig the polarizer, the rays were again converged, before passing 
through tiie crystal, or other object to be exhibited, by a smaU 
achromatic lens, which thus acted as an achromatic condenser. 
It was stated that this arrangement effected a most important 
increase in the brilliancy of the object exhibited on the screen. — 
J. Traill Tatlob, in Reader . 

cohpasahye xntensitt of the light of the koon 

and of venus. 

On June 20, 1865, at 3 a. m., the moon and Yenus were in 
conjunction, in the latitude of Lyons, France, so that both bodies 
could be seen in the same field of vision. This afforded an oppor- 
tunity of comparing the light received from them. The sunaces 
taken for comparison were those affording i*ays at the same angle 
of incidence ; and, on the moon, the region was tliat between the 
craters Bocca and Eirchstadt, over the very brilliant surface to the 
southeast of Grimaldi. It was found that the light from this 
brightest part of the moon was only one-tenth of that reflected by 
the surface of Venus. — Chacobnag, in Comptes Bendus, 6d. . 

transpasenct of the sea. 

Father Secohi has come to the following results, from experi- 
ments made near Civita Yecchia, at from six to twelve miles from 
the coast, the sea being clear and calm. It was found that the 
maximum depth at which a white disk, ten feet in diameter, was 
visible from the surface, when the sun was sixty degrees above 
the horizon and the sky clear, was about one hundred and forty 
feet. In descending, white disks appeared fii'st of a li^ht green 
color, next of a clear blue, then the blue became gradual^ darker, 
until, at the depth mentioned, they could not be distinguished. 
Yellow or sand-colored disks, ceased to be visible much sooner 
than white disks, becoming invisible at depths varying from fifty- 
five to eighty feet, according to their tint, 

CUEIOUS EXPERIMENT. 

The following'good lecture experiment has been suggested by 
M. J. Nickl6s. With the following pigments, he paints a spec- 
trum, which shows all the colors, either by gas or candle-light ; but 
shows only black and white, with a soda flame (alcohol and salt). 

Color by dayUght, Pigmait, Cclor by §odafiam€* 

Bed, Oohre, Black. 

Orange, • • • • Biniodideof merouiy, > nrku^ 

Yellow, .... Ohromate of lead, J ' * ^^^ 

Green, • . • • Manganate of tMuryta, > -di.^v. 

Bine, AnilSie bine, \ * * •""**• 

11* 
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NEW INSTBUXESO' FOB XEASURHrO DISZAVCBS. 

Dr. Eiuflmann, in a paper in *' PoggcndorflT^ Annaten," de* 
scrilics a new instrument lor measuring distances, whidi diffieis 
fmm all previous un-angements, by being independent of the 
mea8urements of angles, or of a base line. It oonssts, amply, in 
an application of the well-known principle, that the image of u 
object is brought to a focus by a convex lens at a distance from 
tho lens var>'ing according to the remoteness of the object. The 
arrangement described by Dr. Emsmann oonaiatB of an object- 
gluss of tliirty seci>nds and an eye-piece of one second focal len^ 
a screen of ground glass, upon which the image is receiyed, being 
placed behind the eye-piece. The instmment, it will be seen, re- 
sembles in principle a photograph camera ; the lens^ howerer, 
is about five and one-half feet. In order to keep the indications 
within certain limits, the screen is placed behind the eye-pieoe, 
and the distance between the lenses is so arranged that a varis- 
tion in the distance of twenty-five paces, at all ranges, reqoires, at 
least, a movement of one line in the screen. Trustworthy readings 
may be obtained up to two thousand paces. Dr. £nisniann sug- 
gests that the instrument will be found useful in coast batteries, for 
measuring the distance of a vessel out at sea. In siem operations, 
the time generally admits of the measurement of a nase line, tlie 
distance of the enemy^s works bein^ calculated by trigonometry. 
Should there be no practical difficulties in the way, it might prob- 
ably replace, with advantage, the stadiomcter, which depends on 
the principle of similar truingles, supplied the army for use in 
judgmg distance-drill. 

THE CTCLOSOOPB. 

In places where railways are most needed, but where, owing to 
disadvantages of the ground, and other hindrances, the transport 
and use of large instruments is very difficult, an instrument at 
once portable, and capable of replacing a theodolite in setting out 
railway curves, becomes a desideratum. An instmment calfed a 




measurmg angles 
and setting out railway curves with increased laciUty. It may be 
shortly described as an instrument combining the advantages of 
a pocKct>-8cxtant with the principles of a kaleidoscope. When the 
two plane mirrars of an ordinary pocket>sextant are turned toward 
a distant object, so that by one combined reflection between both 
mirrors a reflected image of the object is obtained, the angular 
interval between the image and the object is twice the angle con- 
tained between the miiTors. Repeated reflections of the same 
kind would, of course, produce a series of images, growing dim^ 
mer, arranged at the same angle from each other as the first 
image from the object. This is found to be the case when the 
ject is indefinitely distant. When the object is near, as in the 
mmon kaleidoscope, and placed between die mirrors, it is seen 
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repeatedly reflected in the mirrors at equal intenrals along the 
circamference of a mathematically true circle, the centre of which 
is the intersection of the mirrors. In all positions whatever, of 
an object viewed by Reflection with two plane mirrors, ttm actu- 
ally remains true. The object appears the first of a series of 
Ima^s arranged at equal intervals round the circumference of a 
<sirtle, the centre of which is the point of intersection of the mir- 
rors with each other, or of the images, if need be, produced. 
Of the two plane miirors witili which the cycloscope is entirely 
composed, the front mirror is half silvered, and it is broue^ht into 
any convenient inclination with the entire mirror behind it, by 
turning a screw. The parts of a revolution of Hie screw corre- 
spond to minutes of a degree of inclination. When Hie last 
chained peg of the straight line immediately preceding a railway 
curve is seen directly uirough an eye-hole m the centre of the 
entire mirror, its successive combined reflections at the same time 
meet the eye at equal tangential angles, and trace out a circle, the 
direction of the intended curve. The curve can then be set out 
by pegs placed at eaual drained distances apart, in the direction 
or the combined reflections. By this means several points of a 
railway curve can be set out at one sight, and the necessity of 
repeated removal and readjustment of a theodolite in the ordinary 
mode of setting out railway curves is avoided. The instrument, 
which is made oy Mr. Stanley, London, resembles a pocket-sex- 
tant in being also a small and portable construction for measur- 
ing distances and angles of moderate width. — IrUeUeckud 0&- 
server, May, 1866. 

OFnCAL DELUSION. 

Many of our readers will, no doubt, recollect " Eidos ^ides,^ 
which was performed at Her Majesty's Theatre during the win- 
ter. It has been made the subject of a patent by the inventor, 
Mr. Mamice, from whose specification we learn the manner in 
wliich this clever delusion is produced. It is perhaps necessary 
to say that it consists in causing an actor, or an inanimate object 
wMch is in full view of the audience at one moment, to disappear 
instantiy, and then to reappear with the same rapidity. The 
means by which this is accomplished are very simple, and are, to 
some extent, similar to those used in exhibiting ** Pepper^s Ghost.*^ 
A sheet of plain unsilvered glass is placed upon the stage, either 
upright or inclined at a suitaole angle, at the place where the ac- 
tor or object is to disappear. This ^lass is not perceived by the 
audience, and it does not interfere with their view of the sceneiy, 
etc., behind the plate'. A duplicate scene, representing that part 
of ti^e back of the stage covered by the glass, is placed at the wmg, 
out of sight of the spectators. With t£e ordinary lighting of the 
stage, the reflection of this counterfeit scene in the glass is too 
faint to be observed ; but when a strong light is thrown upon the 
scene, the stage li^ts bein^ lowered at the same time, the ima^e 
becomes visible. This duj^cate scene bein^ an exact fac-sinme 
of die background of the stage, the chan^ is not noticed by i 
andience, the only difference betiig that me;;} no*^ «i^ek\r| ^ 
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ticm that which thcj saw a moment previoiialj by direct Tiaon. 
Thu actor, standing at a sufEicient distance behind the ghiss, is 
completely hidden from view, and he is again rendered visible by 
turning down the light on the false scene, tfnd allowing the stage 
lights to predominate. When **£ido8 ^ides" was being Jpe^ 
formed at iler Majesty's Theatre, it was, howeyer, possible, with t 
good opera-glass, to disting^h the outline of the figoie behind 
Sio plate. Tne effects produced may, of course, be modified. An 
actor may be made to appear wamnff or Hying in the air, or 
dancing on a tight-rope, by eclipsing or ooscaring a raised platfbim 
on which he may be placed. — EeeSer. 

WHT BEES WOBK HT THE DABK* 

A life-time might be spent in inyestigating the mysteries hidden 
in a bee-hive, and still half of the secrets would be undisoovered. 
The formation of the cell has long, been a celebrated problem for 
the mathematician, whilst the changes which the honey undergoes 
offer at least an equal interest to the chemist. Every one knows 
what honey, fresh from the comb, is like. It is a clear, yellow 
syrup, without a trace of solid sugar in it. Upon straining, how- 
ever, it gradually assumes a crystalline appearance ; it caimies, as 
the saying is, and ultimately becomes a solid lump of sugar. It 
has not been suspected that this chai^re was due to a photographic 
action ; that the same agent which sQters the molecular arran^ 
ment of the iodide of silver on the excited collodion plate, and de- 
termines the formation of camphor and iodine crystals in a bottle, 
causes the syrupy honey to assume a crystalline form. This, how- 
ever, is the case. M. Scheibler has enclosed honey in stoppered 
flasks, some of which he has kept in perfect darkness, whilst otbr 
ers have been exposed to the light. The invariable results have 
been that the sunned portion rapidly crystallizes, whilst that kept 
in the dark has remained perfectly liquid. We now see why bees 
are so careful to work in perfect darkness, and why they are so 
careful to obscure the glass windows which are sometimes placed 
in their hives. The existence of their young depends on the Mquid- 
ity of the saccharine food presented to them, and if light were al- 
lowed access to this, the syrup would gradually acquire a more 
or less solid consistency ; it would seal up the cells, and, in aU 
probability, prove fatal to the inmates of the hive. — Chranide of 
Optics, in ^ Quarterly Journal of Science. 

NEW ARTIFICIAL LIG^T. ' 

Mr. James Wilkinson, of Chelsea, is endeavoring to rival the 
magnesium light for photographic purposes, by means of a mix- 
ture of phosphorus and nitrate of potash. He recently burnt a 
quarter pf a pound of this mixture in his garden, at night, with a 
view to obtsun a photograph of a wind engine which was bein'^ 
erected in an adjoining garden, and he states tliat ** the length o? 
time from when it was first lit until it was finally burnt out, was 
iiearly six minutes. The utmost cost was a fraction over four- 
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pence. The reflection of the fight n(fg|ht be seen for two miles 
round. So bright was it that the nre-engine authorities mistook h 
for an ordinary conflagration, and hurried their engines to the 
spot. On findmg no trace of the fire they returned, rather cha- 
grined ; not, however, without &rst satisfying themselves by a thop- 
oneh examination of the premises. AU around appeared one blaze 
of light; the sky looked like a mass of fire." The picture taken 
during this start&ng illumination " came out," we are told, ** with 
great sharpness and vividness, the houses near being brought out 

Srominently. It, in fact, equalled any picture taJ^en on a bright 
ay." — Mechames* Magagine, 

THE HICBO-SPECTBOSOOFB. 

The micro-spectroscope has received its first application to 
medico-legal purposes, in the examination for blood stains of the 
hatchet supposed to have been used in the Aberdare murder. 
Dr. Bird Herapath, F.B.S., who was retained by the Crown, 
placed sections of the handle in distiUed water, and submitted the 
solution obtained to an examination in this instrument. Within 
the green, and on the border of tiie yeUow rays, the well-known 
characteristic daii: bands of blood were produced. Only one 
other substance was known to produce similar daric bands, — 
cochineal dissolved in ammonia, — in which case, however, their 
position would be different. Dr. Herapath said he was satisfied, 
from the evidence this test had afforded, that the hatchet had 
been stained with blood. 

INVISIBLE PH0T06BAPHIC IMAGE. 

M. Carey Lea of Philadelphia communicates to the *' American 
Joomal of Science," for July, 1865, the following pscper: — 

** Some experiments in which I have lately been engaged seem 
to me to finally settie the long-contested question as to the nature 
of the invisible photographic image, and I hasten to send a very 
brief description of them. 

"The view that the change which takes place in an iodo- 
bromized plate in the camera is a purelv ph;^sical one, that no 
chemical decomposition takes place, and neither liberation of 
iodine nor reduction of silver, has obtained a pretty general 
acceptance. But latterly it has been opposed by two distin- 
guished photographers, Dr. Yogel and Major Bussell. The for^ 
mer affirms that iodid of silver is never sensitive unless there is a 
bodv present capable of taking iodine from it under the infiuence 
of hght ; and BusseU believes that the developed image is chiefiy 
produced at the expense of the silver haloid in the film. The 
following experiments seem to me to decisively close this con^ 
troversy in favor of the physical theoiy. 

*^ Experiment 1. — If the iodid or bromid of silver in the film 
undergoes decomposition in the camera, and, still more, if the 
developed imaffe is formed at its expense, the film of iodo-bromid 
must neeessaruy be greatly joonsumed in the development un' 
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the dense portions of the negadvOt which it has contributed to 
fbrin. 

** To settle this point, I exposed and developed an iodo-bronh 
izod plate in the ordinary manner. Then, instead of remoying 
tlio uncliangod iodid and bromid by fixing in the ordinary manner, 
I took muasuros to remove the developed image without affecting 
the iodid and bromid. This I sncceeded in doing with the aidof 
a vory weak solution of acid per-nitrate of mercury. Now, if the 
iodid, or bromid, or both, had been in any way aecomposed, to 
form or aid in forming tho developed negative image, when tlds 
came to bo rumovcd, there should have been left a more or less 
distinct pofutivo ima^e, depending upon varying thicknesses of 
iodid and bromid in the film, much like a fixed negative that has 
been completely iodized. Nothing of this sort was visible ; the film 
Wiis perfectly uniform, just as dense where an intense light had 
been, as in those parts which had scarcely received any actinic 
impression, and looking exactly as it did when it first left the 
camera, and before anj developer had been applied. This ex- 
periment seems sufficiently decisive. But the following is far 
stronger. 

" Experiment 2. — A plate was treated in all respects as in No. 1, 
except that the application of the nitrate of mercury for removing 
the developed image was made by yellow light. The plate, now 
showing nothing but a uniform vellow film, was carefully washed, 
and an iron developer, to which nitrate of silver and citric acid 
^ad been added, was applied. In this way the original image 
was reproduced, and came out quite clearly with all its details. 
Now, as every trace of a pictui'c and all reduced silver had been 
removed by the nitrate of mercury, it is by this experiment 
absolutely demonstrated that the image is a purely physical one ; 
and that, after havinp^ served to produce one pictore, that plctore 
may be dissolved ofl^ and the same physical impression may be 
made to produce a second picture by a simple application of a 
developing agent. 

** I have repeated the experiment with a pyrogallic develop- 
ment with similar results. Both the first and second develop- 
ments may be made with an iron developer, or both with a 
pyrogallic. The experiment succeeds without the least difficulfy 
m (dther way." 

The same author, in " Silliman^s Journal " for September, 1866, 
concludes a paper on this subject, as follows : ** Ihave endeavored 
to show that the action of light upon pure iodide of silver isolated 
cannot be a chemical reduction: 1. Because tliat effect, even 
when carried many hundred thousand times further than in the 
ordinary photographic processes, perfectly disappears in a few 
hours, spontaneously, under circumstances which render it im- 
possible to suppose that iodine could have been restored to replace 
that which (had reduction taken place) must have been disen- 
'^ fired. 2. Because, even where the action of light is prolonged 
*y hundred thousand fold the ordinary time, no reduced silver 
mb-iodid can be detected as present. 3. I have shown that 
'^r metal, mercury, is capable of developing these images 
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as wen as ritrer. 4. 1 bare mdeaiund to 
physical cause, to wit, mediaiiical preBmre, is c^abir of 
log a derelopi^de im pnMB ioB, ihmbw aDswerii^ the objecuoa of 
the inadeqaacT of a phjacal ndhMnce to crate a baas of derci- 
opment. And, feiallj,'! mar remaik that alihoash the chemieal 
theofy is sapported hr scme'disliiigukhed riieinMto of the iwticat 
day, I am not aware that there is a an^ wefl Terified enKii- 
ment which can be b tongt tf fotwazd m wipyj i t of that t«w.^ Ib 
the absence of soch, I hare been necesnrilT obliged to 
mjrself to the aflSrmadTe side of the qaestKa, in imnw ii t of 
existence of a physical ima^, distinct firtan c^ — ^~' ~^ — 
and thon^ often'acoompanied br it, yet nerer 



M. PMterin has lately succeeded in p t u d oria g' photoi^iapfai on 
}>aper in their natond colon. He prepaies hs flensdre pa|MT m 
the following way : Having obtained a layer of Tiolet ttihtmrjndk of 
sflver on the paper, by the action of hgiit on the white ehJonle m 
the presence of a ledocing agent, he appfies to the sortaee of the 
paper a liqnid composed of one Tofaone ol a saturated soiaiion of 
bichromate of potiush, one Tolome of a saturated sofai^ia of sml' 
phate of copper, tad one rolome of a strfntioii contaJafng fire p^ 
cent, of chloride of potassiom. This p^^ifr is dried and kept m 
the daik : it will keep good for sereral days. In this mtzsore, the 
bichromate of potash is the piincipal a«ent ; the sulphate of eop- 
I)er £EU»Iitates the action, and the diknde of potassinm p r tier rta 
the whites which are formed. In copying paimings on ginsn, the 
exposure to direct light need only last'five or nx nimmwi : bat tha 
time most, to some extent, depend on the transparency fA the fso* 
tore to be cofned, and it is easy to watch the derelopment of the 
ima^ on the paper. The p^Kr is not snfficientiy seani^e for 
use m the camera^ To preserre the pictiirea, it is only neeetdary^ 
first, to wash them with water acidolated with diwwuir. acid, them 
to treat them with water containing bichloride of mer^nry, lUUfT" 
wards with a solution of nitrate of lead, and, lastly, w^ll ira^h 
them with water. Alter that they will nrA change in ordrnary 
light, but will, howerer, turn brown in ^rect •onligfat/-«Vwar<. 
Joum. of Scianee^ Jpriif 1866. 

FBDnDTG FHOrOGRAFHS DT (XfWn. 

Mr. J. A. Gatty read, on tiie ^h of Oetober, at a neethtg r4 ihn 
Manchester Literary and Fhilosophkal Society, the Mibj^/ined 
paper, descrilnn^ a process tar obtaining colored ph^^^grapf mi ; -^ 
" ** My process is based npon tiie p roperty posseMe^l by f*r rrftt^* 
anide of potassium, of forming clear si>kitions with certain u»t9' 
tallic salts, producing insoluble oomponnds when the mixture in 
brought into contact with a ddxidizing agent ; the rays tA the 
sun acting as such, a perfect precipitati^^n takes plaee ttf^ 
or other material prepared with the abore-name^l aof 
producing the qiecimeiis sent herewith, 1 appliad toll 
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concentrated solution, formed of equal parts of fe r rocy aui de <rf 
potassium and nitrate of lead, having found the latter to answer 
very well, not only as a means of forming a procipitate, but lUio 
for assisting in the production of nnmerooa colors. After diyinff 
the paper, it was exposed to the sun for about half an hour, siiS 
then waslied in water in order to dissolve all the qnaffe^ed fo^ 
rocyanide of potassium and nitrate of lead. I have noticed that 
the sun acts much quicker when there is a litUe moistore present 
I have, therefore, placed a damp cloth between two or three 
thicknesses of paper behind the prepared paper. After washing, 
the photographic image remains behind as a pUe greenish pre- 
cipitate, easily transformed into the various ootarB, as the folfow- 
ing experiments will show : — 

*' No. 1. (Blue.) lias been steeped in a weak solution of nilzate 
of iron for about ten minutes, and then washed in water. 

"No. 2. (Green.) Same as No. 1, but steeped in a weak solii- 
tion of bichromate of potash after the nitrate of iron. 

*' No. 3. (Reddish Brown.) Has been steeped in a solution of 
nitrate of copper, and then washed. 

"No. 4. (Brown.) Has been developed by steeping it in a 
mixture of weak solution of nitrate of iron and nitrate of copper. 

** No. 6. TDark Brown.) Has also been treated with a solutifm 
of nitrate or iron and nitrate of copper, but containing a larger 
proportion of the former. 

"These few experiments will show that a verylaree number 
of shades may be obtained by usins different salts and mixtures 
thereof in developing the photograph. A further series of colon 
may be obtained by destroying the blue with caustic-soda, which, 
after washing, will leave behmd oxides of iron and lead, which 
may be dyed with vegetable coloring matters. 

" All the above experiments were made about four years ago, 
which goes to prove that the colors are permanent. I hope 
shortly to be able to resume my experiments, and work the 
process out more perfectly.*^ 

COLORED PICTUBES BT PHOTOGSAFHT. 

In 1838, Herschel was the first to publish a paper on the varions 
colors which chloride of silver is susceptible of taking under the 
influence of certain colored rays of light. Mr. Robert Hunt also 
published, in 1840, a paper referring to the subject ; but the most 
complete series of researches on the subject of the reproduction 
of the colors of the spectrum, and which led to a process by 
which several of the colors of the spectrum could be produced 
on a sensitive surface, is due to Edmund Becquerel. The results 
arrived at by this gentleman were so remarkable that they drew 
the attention of the whole scientific world ; and the followinfi^ is an 
outline of the processes which were applied by him to obtain this 
interesting result. He took a daguerreotype plate, or a silver-plated 
**"«, and having dipped it in a weak solution of chlorine, or, what 
•till better, a weak solution of hydrochloric acid, by connecdng 
h the poles of a battery, the brilliant silver surmce acquired 
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different tints, passing gradually from an opaque white to a blade 
tint. He also- observed that the tint best suited to obtain favorable 
results was when the plate had acquired a pearlish pink; and, 
although he found that the plate so prepared, when placed in the 
camera obscura, assumed the colors composing the spectrum, 
still they were faint; but he remedied this defect of intensity of 
tints by heating for several hours to a temperature of 95° to 100^ 
the chlorinated plate, and then submitting it to the influence oi 
the various colors composing the spectrum. Further, in the 
course of his studies, he made the important observation that he 
could replace the peculiar action of heat on his prepared daguer- 
reotype plate, by exposing it to the rays of the sun under a sheet 
of paper which had been steeped in an acid solu||on of sulphate 
of quinine. The e£fect of this was that the plate of silver as- 
sumed an intense white color, nearly resembling that of paper ; 
while if the protective paper had not been used, tiie silver plate 
would have ^raduallj acquired a dark tint, and would have lost 
the whole of its sensitive properties, the protective paper having 
the power of arresting completely the most refrangible rays of 
light, especially those which are beyond tiie line H of the spec- 
trum. Notwitnstanding M. Edmund BecquerePs ardent hopes to 
find a method which would enable him to fix on a sensitive sur- 
face the various colors of the spectrum, still he failed ; for they 
faded as soon as they were exposed to the direct rays of light, 
and could only be preserved in obscurity. . But there is one gen- 
tleman who deserves great praise for the extraordinary persever- 
ance which he has shown in this class of investi^tion. I mean 
the nephew of the discoverer of photography, M. I^i6pce de Saint 
Victor. Although I will not enter here into the details of these 
valuable researches, as they can be found in the ** Comptes Rendus 
de r Academic des Sciences,^ still I may just be allowed to state 
that he has not only by the following process obtained far more 
iNfilliant colors than those first produced by M. Becquerel, but 
has succeeded in reproducing on sensitive plates the various 
colors of colored surfaces, such as are presented by fabrics, 
flowers, etc. ; and, further, he has lately been so fortunate as to 
reproduce on his plates yellow and black tints, which had resisted 
all previous attempts. To give you an idea of the facts arrived 
at by this gentleman, I may state that he has succeeded in so 
fixing upon sensitive surfaces the various colors of the spectrum, 
or of colored surfaces, that they will bear the action of diffused 
light for several days. In fact, I have seen photographs which 
reproduce faithfully a small doll dressed up in various colors, and 
in which even the most minute ornament could be traced ; and, 
what is certainly not less interesting, was the reproduction of the 
iridescent colors of the peacock^s feather. To obtain these mar- 
vellous results, M. Ni6pce de Saint Victor takesada^erreotype, 
or silver-coated plate, and dips it into a weak solution of hypo- 
chlorite of sodium, bavins^ a specific gravity of 1.35, until it has 
assumed a bright pinkish hue. The plate is then covered with 
a solution of dextiine, saturated with chloride of lead ; it is then 
dried, and subsequently submitted to the action, of heat^ aA io^M^ 

12 
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BecquereVs experiment, or nnder the screen of sniphate of qui- 
nine, also referred to above. The plate is then ready to be placed 
in the camera obscara, and to receive the colors of the spectrum, 
or representations of nature, such as flowers, as well as cttrtiun 
colors produced by man. Lastly, he succeeds in increasing the 
stability of the colors developed on the sensitive surface by cov- 
ering the plate with an alcoliolic solution of gum benzoin ; and 
M. Ni^pce gives the name of Heliochromy to this branch of 
photography. 

Dunng his lengthened researches, M. Ni^pce de Saint "Victor 
has made two series of observations, viz., that he can produce 
with facility, on prepared plates, the binary colors of the spectrum, 
viz., orange, vi»let, indigo, and green, if those colors are natural; 
but, if they are artificially produced by the mixing of two of the 
primary colors, as red and yellow, or orange and blue, or yellow 
and blue, he cannot reproduce the binary color, but only one of 
the two colors employed by the artisan to prepare them. Thus, 
for example, he can reproduce the natural green of malachite, and 
the beautiful color known as Scheele^s CTeen, but he cannot do so 
with a mixture of Prussian blue and yellow chromate of lead, the 
blue only reappearing. These facts enable him to explain why, in 
ordinary photography, the leaves of plants always appear black, 
and why, when he attempts to fix on his plates the colors of leaves, 
they have a bluish hue, the yellow portion of the color not being 
reproducible. 

M. Ni6pce has made another series of observations which de- 
serve notice, viz., that when a plate, as prepared by his process, 
is dipped in an alcoholic solution of substances susceptible of im- 
partmg a color to flame, such, for example, as strontia, which com- 
municates a red hue to it, or baryta, which gives a yellowish-green 
color, the prepared plates, when exposed in the camera, will as- 
sume the same color as the salt which they have on their surface 
would impart to the flame of alcohol ; and, if a salt of copper be 
used, which has the property of communicating a variety of tints 
to the flame of alcohol, the plate also will assume a variety of tints 
when exposed to the action of light ; and during a certain period 
of his lengthy researches, M. Ni6pce availed himself of this curious 
phenomenon to obtain colored plates in the camera. — JDr, Calverfi 
Cantor Lectures, 

ARTISTIC COLORING OF PHOTOGRAPHIC PORTRAITS. 

So difficult is the task of training a good colorist, that even the 
accomplished artist feels his inability in endeavoring to impart the 
information necessary to those he is wont to train in the knowledge 
whereby he is enabled to produce almost inimitable results. 

Without attempting to go deeply into the philosophy of color, 
analytically or synthetically, it may not be out of place to rive, 
however slight, an idea o£ how to proceed in coloring a pEoto- 
graph. 

It is indLspen sable that you wash the proof well with a sponge; 
or, better, as ever at your corcvinat\A, wwee^ your tongue ocroait 
in order to remove any traces oi gv<ias»*i ox «Xajcv^. 
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To color a good, clean print, yon mnst, in the first wash on the 
face, use as much gum as will bring it nearly, although not quite, 
to the same gloss as the albumen surface ; this wash to be com- 
posed of — for a person of ordinary complexion — a combination 
of rose madder and Indian yellow, or Venetian red alone. With 
these colors iudiciously applied, you can produce any complexion, 
from the highest ^low of healtii to the most sallow ; the shadows 
to be warm, and m eveiy case glazed even more than the albu- 
men surface. Sepia, neutral tint, burnt umber, chrome yellow, 
and ivory black, if properly used, will give that life-like brilliancy 
which is characteristic of health or decay. 

Should the photograph be clear and well defined,for draperies 
and carpets use transparent, but, if the picture be deficient from 
under-development, use opaque. Of transparent colors for such 
purposes use the following : crimson 4ake and burnt sienna, Prus- 
sian blue and Indian yellow. Chrome yellow and Prussian blue 
also make an excellent wash for draperies, although not purely 
transparent. 

For backgrounds, which should ever be made to softly recede 
from the figure, the following colors may be used with much pur- 
pose : cobalt blue, and a little Chinese white, which give a good 
effect and altogether a pleasing result, vignetting it to your own 
taste with sepia, or other browns. By way of finish, or to relieve 
an otherwise poor production, it is sometimes necessary to make 
what is termed an introduction; that is, a side opening in the 
background, where a neat landscape may be Ughtlj sketched and 
colored, comprised of water, land, and sky, or a bit of woodland. 
These sometimes give a freshness to an otherwise dull picture, or 
serve to exclude some of those hideous backgrounds so much dis- 
played in cartes generally. But, in putting in draperies, carpete, 
plain or pictorial backgrounds, let them ever be subdued, and in 
quiet harmony with the figure, the head of which should ever.be 
tiie principal attraction to me eye. •<-SC0TT A LEX ANDES, in Bri^ 
uh Journal of Fhotography, 

DESTBUCnOK OF PHOTOGRAPHS. ' 

A suggestion of considerable. value to photographers has been 
made oy Dr. Angus Smith, F.R.S. The cause of the destruction 
of photographs, apparently by the action of time only, is gener- 
ally considered to be due in reality to the presence of a minute 
quantity of hyposulphite of soda remaining in the paper. Hither- 
to, almost the only plan of getting rid of Siis agent has been long 
and continuous washing in cold or hot water. Dr. Smith has su^- 

fested oxidizing the hyposulphite of soda into sulphate of soda 
which is likely to be harmless), by means of dilute peroxide of 
hydroffen. This has been little known to chemists, and even now 
it is seldom obtained in its pure state ; it is, however, to be had 
in solution, and in a state sufficiently strong for many important 
purposes in analysis. Oxides, such as in the case of manganese, 
which will not fall till more hiffhly oxidized, are, with advantage, 
treated by it. The lower oxide may remain uaobs^t^^^ m ^ ^^^ 
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tion, and In a state of minuteness sniBcient to keep it in sospen- 
fdon ; but, at tho moment of contact with the peroxide of iiydrogen, 
it blackens and falls. When the peroxide is poured into a solu- 
tion of hyposulphite of soda, the change is not observed, as then 
is no colored oxide to be formed ; but when a salt of barium is 
afterward added, it is found that sulphuric acid lias taken the 
place of hyposnlphurous. The strength of the solution does not 
require to be great : that which is sold contains about nine vol- 
umes of avulable oxygen ; if diluted a thousand tinaes, a solntioB 
is obtained capable of oxidizing hyposulphites. It appears that 
all the hyposulphurous acid is instantly converted. Ireroxide of 
hydro&ren is in reality an oxide of water : when the oxygen leaves 
it to do its work, nothing but water is left ; nothing^ bemg added 
to be washed out. The peroxide, as sold, contains a little add 
Tsulphuric) ; when made alkaline, it does not keep so welL If a 
arop is put upon a photograph, it venr slowly bleaches ; its use in 
this unailuted state is not recommended. Again, if the peroxide, 
as sold, is neutralized, the bleaching does not take place, at least 
in an hour, — an ample time. For neutralization, soda may be 
used. — Quarterly Journal of Science^ July, 1866. 

UNALTERABLE PHOTOGBAPHS. 

The only mode hitherto "known of producing unalterable photo- 
graphs has been bv vitrification. M. Penabert, however, recently 
exhibited to the Academy of Sciences some which, though not 
vitrified, are so indestructible that it is impossible to remove them 
from the glass, so as to render it capable of being used a second 
time. The opaline glass employed in the process, having been 
well cleaned, is to bo coated with ordinary collodion that is at 
least a year old ; it is then to be plunged for a few minutes in a 
sensitizing bath, which contains seven grammes of nitrate of sil- 
ver to one hundred grammes of distilled water, and sixteen 
grammes of pure nitric acid to one thousand grammes of die sil- 
ver solution, and afterward to bo exposed for about fifty seconds 
in the camera. The developing fluid consists of a solution of pro- 
tosulphate of iron, containing two-thirds more water than th^ 
ordinarily used, and one-fifth pyroligneous acid. The positive 
picture thus obtained is fixed by a weak solution of hyposulphite 
of soda, and is intensified by a very weak bath of sulphuret of 
ammonium. — Intellectual Observer , February, 1866. 

« 

A NEW PHOTOGRAPHIC WASHING APPARATUS. 

The majority of cases of photographic fading may be traced to 

the hyposulphite of soda, which, by so intimately associating itself 

with the fibres of the paper, is difficult of removal, and which, if 

not perfectly removed, induces an action by virtue of which the 

print eventually becomes destroyed. To remove, the hyposulphite 

' <H)da in the most perfect manner, and in the shortest time po8> 

e, is to insure to photographs a longer tenure of existence than 

IT would otherwise have held ; and any means by which these I 

jiremeuts can be met are eutitiledto tK^ €;c^^^«^><2»i!^^i^icAtiniu I 
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An instrument, inyented and patented by Mr. John £. Giisdale, 
is capable of washing a fall charge of prints in twenty minutes, 
and that so perfectly, that at the end of this time some ormnary tests 
for hyposulphite of soda fail to indicate its presence. ** My inven- 
tion,'^ he says, *' relates to a peculiar construction and arrange- 
ment of centrifugal machinery or apparatus for washing photo- 
graphic prints, and consists, according to one arrangement, in tiie 
employment of a peculiarly-constructed revolving drum in combi- 
nation with a trou^, in which such drum is partially immersed. 
The prints to be washed are taken from the water in which tiiey 
have been placed on their removal from the fixing or other bath, 
and are packed in one or more piles, which piles are placed round 
the circmnference of the drum, each pile being composed of alter- 
nate prints and sheets of wire gauze, or other open or reticulated 
fabric, so that no two prints »iall be in contact with each other. 
These piles are held in their places on the drum by means of open 
frames or gratings, which bear against the opposite surfaces of 
each pile; and are secured to the arms of the drum by screws or 
otherwise, the whole or a portion of such frames or gratings form- 
ing a part of the drum itself. Or, according to another arrange- 
ment, the piles above described may be laid S&t upon a ^sk, which 
is made to revolve either verticaDy or horizontauy in a trough or 
cistern, provision being made in tiie horizontal arrangement for 
allowing the piles to be brought in or out of contact with the wa- 
ter as required ; or, in lieu of the photographic prints being dis- 
posed in tne form of piles or packs round a drum or revolving disk, 
they may be laid separately and individually round the surfice of 
a drum, a webbing of open or reticulated fabnc being wound on 
such drum simultaneously with the placing of the prints thereon, 
so as to interpose a thickness of the fabric between each succeed- 
ing layer of prints. The process of washing consists in alternately 
dnving out tne moisture from the prints by the centrifugal action 
of the revolving drum or disk, a^jid saturating the prints again. 
During the first part of the process, the prints are not immersed ; 
but when the second part of the process, namely, the saturation, is 
to be effected, the trough or cisterp is to be supplied with water; 
or the prints may be brought down into the water, and caused to 
revolve therein and thoroughly saturated, when the water may be 
run off from the trough again, or the drum or disk elevated, and 
the moisture expelled by centrifugal force as before.^' 

Freshly-suppUed water is forced through every pore of the 
prints, the consequence being the elimination of every trace of 
hyposulphite of soda in a very brief space of time. — British Jowr^ 
ncU of Fhotography. 

PHOTO-LITHOGKAPHY WITH HALF-TONE. 

The production of printing surfaces on stone, zinc, etc., by the 
agency of photography, has occupied the attention of experimen- 
talists for many years ; and, in many respects* a high degree of 
success has been obtained. The process of Mr. Osborne, for the 
working of which a company has recently been formed in Amer- 
12* 
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ioa, gives resalts in line and stipple, which leave little to he de- 
sired. Mr. Kaniage of Edinburgn, Mr. Lewis of Dublin, Colonel 
James, and many others, have alio attained great excellence in die 
same direction. Messrs. Simonau and Toovey of Bmssels, have 
attained some success in the production of half-tone; and the 
attempts of Col. James in the same direction have not been 
without promise. Still, the fact remains, that no process for the 
actual prx>duction of photographs from nature by means of ^oto- 
litho^raphy is in practical working, or has hitherto establisned a 
position, and that such a process remains an important desidera- 
tum, any means of meetinj^ which would be hailed with a glad 
welcome by all concerned in the graphic arts. 

Unless we are mistaken in our estimate of a series of specimens 
before us, by Messrs. Bullock Brothers of Lieamington, a process 
which they have recently patented bids fair to meet the long-felt 
want most successfully, and to render, with a iedr amount of 
delicacyf the true photographic gradation of nemtives from na- 
ture. The subjects before us, consisting of landscapes with 
variety of foliage and architecture, are exceedingly excellent, 
and present all the good points of a good photc^raph, perfect 
gradation and half-tone, and great bruliancy, differing little in 
general effect from good silver prints from the same ne^^ves. 

Messrs. Bullock have followed in paths already partially trod- 
den, but have made such practical aeviations and modifications 
as have led them to success where others have only failed. Their 
aim is to secure in the transfer a suitable grain, so as to obtain 
the kind of gradation possible in lithography, without producing 
a coarse or woolly effect. Among the various methods by which 
they propose to effect this end, the plan used in producing these 
examples seems to be at once the most practical and efficient. 
A transfer paper is prepared with a plain solution of gelatin, and 
when this is dry a grain is printed on it from an aquatint plate. 
Paiper so prepared can be kept in stock, and rendered sensitive 
when required by immersion in a solution of bichromate of potash. 
It is then ready for printing and transferring in the usual manner, 
and produces on the stone a photographic image, the continuous 
gradation of which is broken up into the stippled gradation of an 
aquatint plate. This is the broad principle; but it admits of 
much ingenious modification in practice, which is so far effective 
that it produces the most successful and promising examples of 
photo-lithography with half-tone which we have yet seen. — Xoa- 
dan Photographic New9. 

PHOTOGRAPHY AND THE KALEIDOSCOPE. 

About a couple of years a^o, 'a writer in an excellent trans- 
Atlantic cotemporary, the •* Scientific American," remarked : " L^ 
^he photographer once combine the kaleidoscope with the camera, 
1 then see with what ease and rapidity he can produce tiie 
It charming designs for dress goods, tapestry, oil-cloth, wall- 
ler, and numerous other purposes. Such a thing is possible." 
lAoat at the same moment that the American writer stated 
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IL r Abb6 Labrnde bioi^lit under tlw attentkm (rf the Frenck 
Pbotograi^de Society a metbod whidi he hjid adopted to effect the 
preservatkm, bj photography, of the changefol designs of the 
nleidosoope. As a means of preeerrin^ patterns for a rariety 
of decorative purposes, this application of {iSiotography is deserv- 
ing oi attention ; and it may be interesting here to qndte firom the 
oommnnication of M. FAU16 Laborde on the subject. It is worthy 
iji remark, that the method of throwing the designs of the kalet- 
dosoope on a screen by the aid of the ma^ lantern has since 
been adopted and ei^lxtod at the Polytechmc Institution : — 

** The variely of dedgns presented by the kaleidoscope, when 
tomed round, is familiany known to every one ; yet we are often 
surprised at die appearance of very curious and unexpected forms 
which we see disappear with regret. 

** The regular -figures which result are depicted on the ground 
elass of the camera of long focus, and the images are focussed 
direct without being reflected. This portion is naturally more 
Ugfated than the others. It requires several minutes <^ exposure 
to obtain a picture on the coUodioned plate. We cannot focus 
the portions of the image which are several times reflected ; for 
they appear in the objective as if they came from greater dis- 
tance : they lack distinctness, and they also exhibit the defect of 
planitude in the mirrors. 

** Notwithstanding these imperfecdons, I believe I have at- 
tained the aim I proposed to myself, which is, to place before the 
eyes of those who are occupied witii stained glass, paper 4iang- 
ings, and other kinds of ornamentation, very varied patterns, 
which photography can supply by the hundred.^ — F^oto^rc^pkie' 

Xt€¥f9» 

PHOTOGRAPHIC PRINTING PROCESS FOR PRODUCING COPIES OF 

BOTANICAL AND OTHER SPECIMENS. 

A paper, by Mr. Henry Brigfatman, was read at a meeting of 
the Bristol Naturalifsts* Society, December 7, 1865, proposing a 
ready method of copying leaves, cte. He says : — 

** To lay plants, eto., upon prepared paper, and expose them to 
sunlight, was a method which had been frequently practiced ; but 
the pictures so obtained were, technically, ne^tives, the repre- 
sentation of the object being white, on a dark ground. It oc- 
curred to the author, that, if these could be rendered transparent, 
positives might be printed from them. He found, however, that 
this could be readUy done without any previous preparation <^ 
the negative ; and he exhibited a number of very beautiful photo- 
graphs, produced in this way, of ferns, leaves, and even a butter- 
fly's wing, showing the wide applicability of the process." Mr. 
Brightman then described the process in detail ; for the negatives, 
the albumenized paper should be as thin and free from grain as 
possible, and sensitized by floating on a sixty-grain solution of 
nitrate of silver. An ordinarv printing-frame was used ; but a 
very long exposure was re<]^uisite, especially for positives; and 
this constituted the chief objeotk>n to the piooeaa^ whes^ ina&.1 
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copies werp required, as for illustrmdng a book. The tomng bath 
ouutajneil half an ounce of acetate of soda to one pint ci water, 
and one grain of chloride of gold for each sheet toned. The 
picture was fixed with hyposulphite of soda (eight ounces to the 
pint), and well washed with water. 

Much conversation then took place <m this paper, in the coone 
of which Mr. Beattie urged the employment of waxed p^ier, 
instead of albumenized, as likely to give a more tran^Mvent 
negative, and spoke of the application of carbon-printing to this 
process. Mr. Brightman suggested the nse of a green instead of 
a black pigment in that method, to give the natozal color of the 
plant. 

FHOTOORAPHIHG GABVOH BAIX8. 

Some months ago, when on a visit to Woolwich Arsenal, we 
were shown by Mr. M^Kinlay, Proof Master, some photognqihs 
taken of guns while being nred, which not unnaturally excited 
feelings of surprise. So rapid bad been the exposure, and so 
well had the proper moment for the exposure been seized, that 
the projectile could bo seen protruding from the cannon^s mouth 
while in the act of proceeding on its distant mission. Mr. M^Kin- 
lay kindly afforded us every requisite information relatiye to his 
invention for securing such wonderful results; and, from the fact 
that the comparative efficiency of certain kinds of smaU-anns, and 
the influence they are now exercising in European affairs, are at 
present receiving a large share of public attention, we think that 
it may not prove uninteresting to bring before our readers some 
matters of scientific interest m connection with our own '* great 
guns,^^ and the means employed for ascertaining by photography, 
and with the utmost possible precision, not only the path of a pro- 
jectile in the air, but the time occupied in its progress between 
two or more points anywhere in the course of its Sight. It wiU 
bo obvious that, when it is desired to obtain a photograph of a 
gun at the moment of discharge, the gun itself must be made sub- 
servient to the exposing and covering of the sensitive plate. It is 
impossible that any person, however delicate his eyes and ears 
may be, can operate so dexterouslv as to stop the exposure when 
the ball has been projected, say a few inches from the muzzle of 
the gun, and when it is consequently travelling at its greatest 
velocity. This can only be accomplished by automatic arrange- 
ments, aided by electricity. 

Let us now suppose that a stereoscopic camera, fitted with pow- 
erful lenses of short focus, has a thin, light disk fitted up in front 
of the lenses, revolving on an axis between the two lenses. Two 
holes in this disk correspond with the apertures of the lenses, so 
that if a circular spring — like that of a pair of snuffers — cause 
tlie disk to make half a revolution with great rapidity, the holes or 
apertures will, when flashing past tlie apertures of the lenses, 
admit the light for an exceedingly brief period of time. This is 
the means employed in the arsenal for effecting the exposure of 
*'ate. 

^hall now enter into the details of the maimer of disoharg- 
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fng and arresting the circular exposing diaphragm. The opening 
and shutting of me camera at the precise instant of time is, as we 
have said, by far too nice an operation to be accomplished hv 
hand. It mnstbe borne in mind that a gun commences to recoil 
as soon as the projectile is fairly clear of its muz^e. The picture 
which we examined had been taken when the projectile was yet 
emerging from the gun^s mouth, and before it had got quite clear 
of it, and consequently before the recoil of the gun had com- 
menced. The exposure was very rapid, but not so much so as to 
show the front ed^e of the emerging projectile with a sharp out* 
line. Although the gun, from the recoil not haying commenced, 
was quite sharp, the front edge of the projectile was, so to speak* 
vignetted. 

The gun is fired by means of the galvanic tube invented by Mr. 
ItTEonlay, and such as is used in proving ordnance. Inside of 
this there is a small platinum wire, which, when a current of eleo> 
tricity is passed throuo^h it, instantly becomes red hot, and melts. 
Let us now see how mis affects the operation of photographing 
the sun. When the gun is ready for firing, the disk in front of 
the lenses is wound up so that the rotating force of the spring in 
the centre is at its maximum. It is retamed in tiiis position by 
means of a catch and trigger, the latter of which is operated on 
by means of an electro-magnet. The following, then, is what 
takes place : When the galvanic current is sent through the wire, 
the &ne platinum wire unbedded among the gunpowder of the 
discharging tube or fuse immediately becomes red hot, and melts. 
But, while in progress of melting, it accomplishes two things ; it 
transmits a current through it by which the electro-magnet be- 
comes vivified and pulls the discharging trigger of the disk in 
front of the camem lenses ; and secondly, it ignites the gunpow- 
der and discharges the ^n. But were this all, the exposure 
would be made before the powder had had time to ignite and 
consequently discharge the gun ; hence it is important that the 
lenses be kept open until the gun really discharges its contents. 
The means for effecting this are as simple as they are ingenious 
and complete. When the trigger acts so as to release the dis^ 
from its enforced pent-up condition, it is propelled forward by the 
central spring until the apertures in the disk and those of the 
lenses coincide, where, by means of a stop, the disk is retained 
until the powder is ignited and the gun discharged, when, the 
platina wire being ruptured, the passage of the electricity is 
stopped, the electro-magnet simultaneously losing the power by 
which it was enabled to arrest the rotatory progress of the disk, 
which thus darts forward and closes up the camera as the con- 
tents of the ^un are in the act of being ejected from it. — British 
Journal of Photography, 

STATISTICS OF PHOTOGRAPHY. 

The rapid growth of new and special industries, says the "Brit- 
ish Quarterly Review," is a fact so characteristic of the present 
day, that the statistics of photography can scaccel^ b^ ie«^^^^^<^^ai 
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woiidi'iful, vipwod mcnily as a qnestion of economies. Neverthe- 
Irss, SI line of tliu fiieto are sufficiently startling^. Twenty years ago, 
out* ]H*rs«iii claimed Uie sole right to practice photography profes- 
Himially. in Kughiiid. Ac-cording to the census of 1861, Uie number 
of pt^rsons who entered their names as photographers was 2,531 
There iri ruason, however, to believe that these figures fall sh(ntof 
tlie nial numl>er. Since then it is probable the number has beea 
d(>iii»led or trebled, and that, including those collaterally associated 
wilh the art, it is even four or five times that number. But these 
fit^urcs fall far short of the number interested in photography as am- 
atiMirrt. We are inlbrnied that eight years ago, in establishing ft 
jKirifMlical whitrh has since become the leading photographic jom^ 
jial, a large publishing lirm sent out twenty-five thousandcirculsn 
— not sown linuidcast, but specially addressed to persons knowif 
to be inti^rested in the new art-science. The number of profesffloiul 
photogniphcrs in the United States is said to be over fifteen tboo- 
sand, anil a proportionate number may with propriety be estimated 
as spread over continental Europe and other parts of the civilized 
glolM). 

hut a more curious estimate of the ramifications of this indostiy 
may bo fonued by a glance at the consumption of some of the ma- 
terials employed. A single firm in London consumes, on an ave^ 
age, the whites of two thousand eggs daily in the manufacture of 
albunienized paper for photographic printing, amounting to six 
hundred thousand annually. As it may fairly be assumed wat this 
is but a t(;nth of the total amount consumed in this country, we 
obUiin an average of six millions of inchoate fowls sacrificed anna- 
allv, in this new worship of tlie sun, in the United Kin^om alone. 
When to this is added the far larger consumption of £urope and 
America, which we do not attempt to put in figures, the imagina- 
tion is startled by the enormous total inevitably presented for its 
realization. 

In the absence of exact datii, we hesitate to estimate the con- 
sumption of the precious metals, the mountains of silver and mon- 
uments of gold, which follow as matters of necessity. A calcula- 
tion, based on facts, enables us to state, however, that for every 
twenty thousand eggs employed, nearly one hundred weight of 
nitrate of silver is consumtid. We arnve thus at an estimate of 
three hundred hundred weight of nitrate of silver annually used in 
this country alone in tlie production of photographs. To descend 
to individual facts more easily gi-asped, we learn that the con- 
sumption of materials in the photo^aphs of the International Ex.- 
hibition of 1862, iAx)duced by Mr. England for the London Stereo- 
scopic Company, amounted to twenty-four ounces of nitrate of 
silver, nearly fitty-four ounces of terchloride of gold, two hundred 
gallons of albumen, amounting to the whites of thirty-two thou- 
sand eg:g8, and seventy reams of paper ; the issue of pictures ap- 
proaching to nearly a million, the number of stereoscopic prints 
amounting to nearly eight hundred thousand copies. — Scientific 
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a per is prepared widi a sokscxK vi'iisaar'Kaase ^ {KCasft and 
phale of copper. The dsSeoJsr o€ Sadfias' a svzxaMe dcT««oper 
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method. The emploTment of niszise cf ah-^r or Bftemzrr. bestks 



being attended with some pnctxal nxocTrSK-aoes. pmmee^ no- 
tares of a red cokx-, wfakli. ahhoon sois&ble for die ivpcodiii^ 
licm of the red chalk sketches of tbie old masters. i$ inadmbvible 
Ibr ordinaiy drawing?. Acc ordin g 10 Mr. Willis s pcvxvss, the 
piqper is sensitized with a 5ohitk>g of bxhromate oi potash or 
ammonia, containing a small qoamztr of sulphuric or pho^>horie 
acid, and, when dry, is exposed to Kgiii mnler a poatire phoio- 
ffraph or drawine. * It is then i^aced over a sohnion of aniline in 
benzole, turpentine, or ether, pr^ftrrablr the former. The pans 
forming the picture — 1. «., those ncc acted npon br the light — 
arc developed of a manre color, whi(4i is retr permanent, not 
being changed in tint br the application of acids or alkalies. The 
process has alreadr been introdnced in Birmingham for the mid- 
ttpHcation of engineers' drawings, in cases where the number 
required is not sufficiently great to admit of lithograi^Y beine 
used with advantage. The property possessed bv bichromate of 
potash of forming a black compound with a solution of logwood, 
which has been used for the manufacture of cheap writing-ink, 
has also been applied by Mr. Fox of Edinburgh to the develop- 
ment of these chromatypc pictures. Both thes^ processes have 
been secured by patent.' 

A new solvent for the greater part of the aniline colors has boon 
discovered by M. G. de Claubiy, and communicated by him in a 
paper to the French Academy *of Sciences. In place of alcohol 
and methylated spirit, which are high-priced or injurious to the 
workmen, M. de Claubry proposes to substitute a decoction of 
Panama bark (QuiUarid), or of Egyptian soap-wort (Gypsophila), 
Solutions of the coloring products can be easily obtaineif by injur- 
ing the boiling decoction upon the powder-, alter stiiTing and 
decanting the solution, the operation must bo repeated, it' any 
part of &e powder remain undissolved. It was found that the 
red colors dissolved most readily, and the blues less so. If, thortw 
fore, the coloring matter be purple, it is necessary at the end ti> 
mix the different solutions together in order to obtain a dj'o of 
the right tint. 

IHPBOYEXENTS IN PHOTOGRAPHT. 

Phciosculpture. — A process is now in use in London by which 
busts, statuette likenesses, etc., may be produced in clay or plas- 
ter at a small cost, by the aid of photograpliy. Tho o|N»nilion \if 
as follows : Eight photographs arc taken of the sitter fc^iu \&Vi|]i 
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Bides ; from each of these, profiles are cut out in thin sheet metil; 
each pair f>f profiles is caused to plane awav the sides of a block 
of clay c(>rreHp( Hiding to the position in which their photograph 
wa8 taken. Thus, the clay comes to have on each sicfe the ssme 
prnlile as tliat of tlie sitter, and is thus a likeness requiring but i 
low touches from the artist to give it finish and exactness. 

Tlie '*earlM)ii lainting^* photographic process has been applied 
to tlie pennaneiit ornamentation of porcelain with success; my 
niat(>ri:il lit for burning into that substance being substituted for 
till) eari)ou or India ink of the original operation. — ^anklmJwT' 
Mo/, Januai-yt IbOC. 

Phoiot/rufjhs ofiht Moon, — Mr. Warren De la Rue has obtained, 
with his thirtecu-inch telescope, photographs of tiie moon so pe^ 
feet Uiat thity bear being enlarged to a diameter of three feet; and 
they are found so exact, when submitted to micrometrical ezaini- 
natiou, that tliey furnish con'ect data for the measurement of thi 
vibrations of the moon. They also serve as a foundation for the 
lunar man, six ftiet in diameter, undertaken under the auspices of 
the Hritish Association. 

New Artificial JAg)Uf(jr Photography, — Mr. Sayers of Fftris ob- 
tains a light almost equal in power to that of maraesinm, and 
much cheaper, from the combustion of a mixture ot twenty-foor 
])arts of well-dried and powdered nitrate of potash with seven of 
flowers of sulpliur and six of red sulphuret of arsenic. The mix- 
ture costs only twelve cents a kilogram. — Lea Mondes, Jan, 4, 1866. 

Light for Photographic Ftirpo9€s, — A substitute for the yellow 
glass, used by photographers to intercept actinic rays, has been 
suggested by W. Sidney Gibbons of Melbourne. This is a mix- 
ture of gelatin and bichn)mate of potash, spread as a varnish 
over their cotton cloth or similar material. 

In preparing a window for the illumination of a photographer's 
dark room, Obcrnetter mixes an acid solution of sulphate of qoi- 
nine with some gum or dextiine, and paints the mixture over a 
thin sheet of white paper. With this he covers the window 
panes, and he states that, on the brightest day, a window so pre- 
pared will allow no actinic light to pass. 

Varnish for Photographs, — M. Bussi first brushes the prints 
over with a solution of gum ara])ic, and, when this is dry, applies 
a coating of collodion. The following ai*e the proportions re- 
commended : — 

1. Clear transparent gum arable, 25 grammes ; distilled water, 
100 cub. cents. ; dissolve and strain. 

2. Gun-cotton, 3 grammes; alcohol, 60 grammes; ether, 50 
gi'ammes. 

By this double varnish the inventor insures the preservation of 
proofs, — Chemical News, 

Maaic Photographs, — The familiar experiments of the labora- 
tory have in the present day a great tendencv to become the 
~^agic of the drawing-room. Magic photographs are among the 
rt recent of the scientific toys which take the public attention, 
ise arc of various kinds. The first and most common mode 
producing them consists in placing an apparently common 
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piece of blotting-paper upon an apparently plain piece ot white 
albnmenized paper, moi9tening the two, and producing at once a 
photographic picture. The explanation of this is simple, and is 
doabtless familiar to old photographic experimentalists ; we prac- 
ticed the same feat a dozen years ago. It consists in bleaching, 
until it is white and invisible, by means of bichloride of mercury, 
a silver print ; then, taking a piece of blotting-paper which haisi 
been previously immersed in a solution of hyposulphite of soda, 
aad placing it in contact with the inunersed print; this, when 
moistened, at once darkens the bleached image, and a picture, 
consisting chiefly of sulphide of mercury, is produced. We have 
received some examples from Mr. Swan, and details will be 
found in Dr. YogePs German letter in this number. We have 
just received from Mr. Hu^hes^s establishment a still prettier 
application of parlor magic, m which, by placing an apparently 
blank piece of paper in a solution — the material for which is 
inclosed in the packet — a beautiful blue print is produced. This 
is doubtless the result of one of the applications of the Cyanotype 

Ccess of Sir J. Herschell, which may be made to produce many 
utiful transfoimations. — Photographic News, 
The Magic Photograph is selling in Paris and London, in two 
envelopes, one contaimn^ pieces of white albnmenized paper; 
the other, slips of white blotting-paper of a corresponding size^ 
One of the former is moistened with water, and a piece of paper 
from the other envelope, likewise wetted, is laid tliereon, when a 
beautiful photograph is immediately developed on its albnmenized 
surface. Photographs have, of course, been printed in the usual 
manner on the albmnenized slips, and then decolorized with 
bromic or iodic acid, or some such a^ent; the other pieces of 
paper have been soaked in hyposulphite of soda, and the appli- 
cation of this reducing agent to tibe hidden photograph instantly 
brings it again to view. 

SUBHASINE FHOTOGRAPHT. 

A French artist, M. Bazin, has been experimenting lately, with 
the desi^ of obtaining photographs of sunken vessels, so that, in 
attemptm^ to raise the same, positive knowledge can be had of 
their relative positions. To accomplish this, M. Bazin descends 
.to the necessary depth, in a strong sheet-iron box, which he calls 
his ** photographic chamber.'' Thick fflass windows afford every 
facUi^ for nuking the necessary preuminary observations, and 
the picture is taken by the aid of a strong electrical light. 

An unpleasant feature of the apparatus is, that the operator is 
absolutely hermetically sealed, for no means are provided for sup- 
pling air, the chamber being constructed of a proper size to con- 
tain the quantity reqmred during the ten or twelve minoto* 
occupied in obtaining a negative. 



146 ANKVAL or flCXEXTinO BIBOOrEBT. 

8UBTEBRAKEAH PHOTOGRAFHT. 

A firm in Cincinnati have obtained the exelnshre rigiit of taking 
▼iews in tlie Mammotii Cave of Kentacl^ for five yean. The 
process successfully used in taking pictures of the interior of the 
Great Pyramid is adopted, using the magnesiiim light. Tba 
dampness of the cave, the smoke arising in the consumption of 
large quantities of magnesium, the divergency of the artificial 
light, and the magnitude and proximity of the objects to be pho- 
tographed, present a number of serious difi&cames. Powerfol 
reflectors arc used to throw a flood of light upon die object, and 
the plate is allowed about twice the exposure required by the 
light of the sun. 

PflOTOGBAPHINQ UPON SILK. 

A process has been devised at Lyons, France, for photognq)h- 
in^ upon silk, linen, etc., so that persons instead of marking their 
initials upon the comer of a handkerchief, can have tiheir photo- 
graphs taken upon the fabric. In the silk shops, various articles 
are exhibited, photographed with names, portraits, and fandfal 
devices. The pictures are not injured by washing, and the pro- 
cess is said to be easily and rapidly efiEected. 

PHOTO-MICOGRAPHT. 

Dr. J. J.Woodward, U. S. A., in a paper commnnicated to 
•t Silliman^s Joumal,^^ for September, 1866, on the subject of pho- 
tography of microscopic objects, gives the following as the prin- 
ciples involved: 1. To use objectives so corrected as to bring 
the actinic rav to a focus. 2. To illuminate by direct sunlight 
passed through a solution of ammonio-sulphate of copper, which 
excludes practically all but the actinic extremitv of the spectrum. 
8. Where it is desired to increase the power of any objective, to 
use a properly constructed achromatic concave, mstead of an 
eye-piece. 4. To focus on plate ^lass with a focussing glass 
instead of ground glass. 5. With high powers, to use a heliostat 
to preserve steady illumination. 6. Where an object exhibits 
interference phenomena when illuminated with parallel rays, as 
is the case with certain diatoms, and many of the soft tissues, to 
produce a proper diffusion of tiie rays by interposition of one or 
more plates of ground glass in the illuminating pencil. Strict 
adherence to these principles is indispensable to success. The 
most powerful objective with which photographs have been taken 
for the Army Medical Museum, was 1-50, maae by Messrs. Powell 
and Lealand of London. The subject selected for the experi- 
ment was Pleurosigma angtdatum ; with 1-50, and 3| feet distance, 
and without an eye-piece, a picture of a portion of a frustule was 
obtained, magnined 2.344 diameters ; this negative readily bore 
'enlargement to 19.050 diameters ; the field m the picture is 6 
Bs in diameter, and is i^markably shaip in the centre, bat 
B considerable curvature, and on the edges is quite out of 
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focus. Tliefle photographs confirm the opinion of Mr. Wenham 
and Prof. Rood, as to the cironhir natare of the markings on P. 
tmguUdum. It is rcmaiiLable that the marking appear hexa^nal 
in Doth the small pictures, if viewed with the eye at the visual 
distance ; while on close inspection, or with a lens, they are seen to 
be circnlar in the pictures ; with 19.050 diameters, the circular 
shape of the markings is very plain, but, if viewed from a con- 
siderable distance or with a concave lens, they appear hexagonaL 

NEW ILLUMINATOBS FOB OPAQUE OBJECTS. 

H. L. Smith, of Kenyon College, contributes a paper on this 
subject to **'SiUimans^ Journal,^ K>r September, 1866, from whicdi 
the following are extracts : — 

*' In attempting to study the structure of the diatomaceous fms* 
tnle, I found it impossible to view it with high powers as an opaque 
object by any means hitherto devised. Ci a valuable paper on 
the scales of the podura (* Mic. Jour.,' N. S., vol. 2, p. 86), Mr. 
Richard Beck has stated that there is no difficulty in viewing them 
as an opaque object, with the one-eighth-inch objective and con- 
densers rightly placed. Any illumination of diatoms thus ob- 
tained is almost useless, from the great obliquity of the light, 
and,with powers higher than the one-eighth-inch, is quite impos- 
sible. Mr. Rosses ingenious arrangement, suggested by Mr. 
Brooke, of a plain reflector, flush with the front surface of the 
objective and receiving light from a truncated ellipsoidal reflector 
below, is so exceedingly difficult to use, and only with a special 
mounting of the object, that it has never been generally adojpted. 
Mr. Wenham^s method is entirely inapplicable to diatoms, mas- 
much as it depends upon the total reflection of the light from the 
under surface of the glass cover of a mounted object, and in such 
case the diatoms, from their transparency, and the near coinci- 
dence of refractive index of silex with that of the mounting fluid, 
throw back but a feeble light, and are nearly invisible. The use of 
the well-known collimating eye-piece suggested to me the idea of 
making the objective its own condenser ; and uponcommunicatinflr 
this idea to Mr. Wales, already well known for the excellence of 
his objectives, he at once sent me a trial instrument. This first 
illuminator proved so far successful that I was induced to perse- 
vere ; and, with his assistance, an * illuminator ' has been con- 
structed which gives entire satisfaction, and answers admirably 
with all objectives from four-tenths to one-fiftieth. 

" It must be borne in mind that there are certain difficulties to be 
overcome in this mode of illumination, the chief of which is the 
reflection of the light from the posterior surface of the back com- 
bination of the objective. All the difficulties are now surmounted, 
and there is no trouble in viewing diatoms, or other objects, 
mounted dry, and uncovered, with the highest nowers of the mi- 
croscope, and with abundant illlumination ; ana this without any 
trouble in mounting the object on little disks or pins, but usin^c 
the ordinary three-mch by one-inch slide. 
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** As I do not intend here dmaHmg the iiutium e M t in delril, I 
wDl onlj say Uuu h consists esaentiaUT of a reccaagnlsr fans bos, 
hmving the '* s^id-tT screw * at the tc^, to attach it to any nuero- 
Kope tube, and as'the bottom, to reoeire any ob^eetire ; and to 
oonstmcted that it can be placed in any position with regard feDthe 
light. A brass draw, mored by screw 'and nulled head, slides into 
the box, and carries a reflector of sUrer, also movable <« its own 
axis by means of smaU milled heads : the forward edge of the 
reflector is curved, and it is concave, having a focus of about ax 
inches. By means of the screw, the carved edge of this reflector 
can, when adjusted at an angle near fortv-five aesrees, be poshed 
more or less over the opening at the back of tiie Mjecthre. Oppo- 
site to the reflector, and attached to one side of toe box, is a td- 
Tolving cirele of diaphragms, of great use in regulating the iigiiti 
io as to exclude all fog or glare ; the apeitores raiy Som tlira- 
twentieths to one-twentieth of an inch. 

*' As the * illuminator ^ is already in the hands of many, I append 
a few simple directions as to its use. The objective most be 
adjusted for an uncovered object, thou^ I find few are lUfhtlT 
marlced. An ordinary paper-covered shde, with bits of sola leal 
on it, answers admirably as an object to adjust the li^L The 
illuminator bein^ screwed on to the tube, and the cirue (rf dis- 
phragms placed facing the light (I find the ordinal^ ooal-ofl lamp 
with flat flame to answer admirably, the flat side being toward the 
reflector), turn the reflector at an angle of about forty-five degrees, 
and allow the light to entor the lar<re$t aperture of the diaphragm. 
By means of the screw, push the rt*flector forward nearly as fcur as 
it win go. Turn the rt*flector on the axis of the tube and on its own 
axis, until the lijS^ht, which may be placed ten or twelve inches to 
the left of the microscope, and directly opposite the circle of djsr 
phragms, is reflected down on the paper-covered slide, the tube 
of the microscope being racked up to about the position it will 
occapy when the objective is screwed on and in focus. The light 
thus reflected down should appear just at the curved edge of the 
reflector, in the axis of the tube, when looking throu^ the tube, 
tlio cyo-piece being removed. Now screw on the obiective, and, 
before replacing the eye-piece, bring it into focus. The field will 
appear bnlliantJy illuminated, as in using a lens with a Ldebeitahn ; 
if not, a slight movement of the reflector, or diaphragm, or light, 
will quickly accomplish this. Put in the eye-piece and adjust for 
focus ; if the field is not clearly illuminated, say with one-fifth-inch 
objective, a little fingering of the reflector, or diaphragm, will 
suffice to effect, this. The screw which moves the draw and 
reflector may now be withdrawn, uncovering all but about a quar- 
ter or one-half of one side of the posterior lens of the objective ; 
and. if care has been taken to properly adjust the diaphragm and 
4or, a most brilliantly illuminated field, free from all fog and 
^11 reveal objects with a beauty and clearness inconoeiv- 
those who have never used high powers of the microscope 
aque objects. The most common objects appear with new 
iorto unexpected beautv, brilliant not only with their own 
onlnM Knt reflecting iridescent tints from their membranes. 
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The dlatmnw are especially beantiM; and no one can view, with- 
out a sense of profoond reverence and unspeakable emodon, the 
elegant stmctore of Arachnoidiscos and Heliopelta ; of Sorirella 
anaPinnnlaria, 

* ' On thns accomplisliing the illnmination of opaque objects onder 
the highest powers of the microscope, a powerfol aid to investigap 
tion is famished, which, I donbt not, will be righdj i^ipredated. 

** An inexperienced microscopist may find some dimciilty at fint. 
bat a few trials will ensure success ; and, when properly used, there 
is no want of light with the one-twelfth or eren one-sixteenth 
with the B or G eye-piece.^ 

Mr. Charles Stodder exhibited before the Massachosetts Initi- 
tnte of Technolo^, in December, 1866, a new iUaminaUir of 
opa(jae microscopic objects under hi^h powers, the objective b^ 
ingits own condenser, — the invention of Mr. ToUes. 

The principal difficult met with in passing a beam of UpA 
down through the objective of a microsor>pe, and thus oondenra^ 
a strong li^t apon an opaque object is, m the case of high pow« 
ers especiauy, the reflection back of a considerable portion by ibm 
lenses of the objective. This causes fog and obscuration of the 
image, though the object be well illuminated. This refledioa 
takes place principally at the interior front mxrface of the front 
system. 

To obviate this difficulty, a small rectangular prism. Immedi- 
ately above the front system, is so far iDtroduced mUi the side of 
the objective mounting as to slightly encroach upon the extreme 
margin of the upper surface of the combinati'^. When parallel 
rays are reflected by this prism down throuj^ the marginal part# 
of the front covered by it, they wiU have their f'H^un mudi b<9Vond 
the place of the object. As a medium case, their distamx) of turn' 
vergence would be ten times the focal di^rtance of tlie of/|e<^ve| 
consequently, a much greater portion of the wIvAh light jncidetti 
upon the front system would be transmitted, and w)uUAsvHr amount 
experienced reflection would be dissipated by travelling liaok 
through the objective in a path widely different from Uiat (f( th« 
visuaTpencil. 

Mr. Stodder also exhibited a small telesc^r>e, of seven'i<;nt^iS 
of an inch aperture, and magnifying thirU^en aiamet^^m, <M|Mal to 
any instrument of two-inch aperture and thre^; or four i*stfi Um^f 
with which he had been able Ui compare iL Willi Mn innirutwtui^ 
which can be carried in the waistcoat jK>f;ket, he lia^J Ixm;ii a)/i<; Up 
distinguish the satellites of Jupit/;r, and similar tMtronorni«; oih 
jects. This was also made by Mr. Tolles ; and, if U\n )/n'iM;iit 
plans succeed, the cost of telc^scopes of Urge si;se will U$ dimin^ 
ished one-^ialf by the great reduction in the urn} <ji the h^nses, 

FOUCAXTLTS SHEATHED OBJECTIVES JtipK TIIK TELKH^XlPK* 

The concentration of the Ivammmn rays tjf light at tlu$ Unnxn of 
the telescope, when the sun is the objfK^ to l>e ohmirvtui^ renders 
observations very diflicnlt and sometimes even datigeroui. 
Leon Foucanlt has oonoeived the idea of utilizing Uie UM 

13* 
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wkich certain metab possess of aimdng tlw adorifie 1171, iriule 
ther allow :h« latninijus rajs to pass tliroi^;fa. SilTer, when de- 
pooki^ fjv a particular chi^mical process m rery thin lay en, pos- 
seftdr<> L&l^ property ia a hi^ degree. M. Foacault has sheaned 
th^ o^Jvirri v-t; o( a c^Inrac»pe with a lajer of this metal, aod there is 
prodooril at the: fuciu of the instrument an imase peifecdy deir 
antl a^r^eable D> the eve. It exactly resemlues one whioh a 
violet-coi'irrd glass would produce. 

This diicovtrrr of M. Foocaolt has been pronounoed by M. Le 
Verrier to be of tiie highest possible importance. M. Foncaoh^ 
experiment was nude upon a telescope witha very small objec- 
tive. Since then, further experiments have been niiide on one of 
nine inches, which were quite satisfactory. The solar rays re- 
fracted bv the objt.-ctive sheathed with the metal hare a Teiy pecu- 
liar bluish tint, which made M. Wolff imagine that a oonmderahle 
proportion of the calorific rays might possiUy have been elimi- 
nated. The ravs were examined with a spectroscope, and were 
found to be deprived of their extra redness, and inclined to be of 
a very deep blue color. Clearly, the calcHrific rays had been 
stopped in their passao^. Theory* thos afforded the most brilliant 
oonnrmation of expenence. 

A large objective at the Observatory of Paris, which was in 
process of construction, afforded an excellent opportunity for ex- 
periment. The exterior surface of the glass was duly silvered, 
an^, on tiu-ning towards the sun, the ima^ was presented devoid 
almost entirely of its heat. The layer of silver in no way interfered 
with the optical properties of the glass. All the numerous details 
which the most experienced observers have detected in sun-spots 
were at once visible. *' The entire surface of the sun appeared 
covered with an irregular stippling, the constituents of which 
were of different sizes, and grouped in constellations of various 
forms.^ *' In proportion, '^ says M. Le Verrier, '* as we see the 
image better, all idea of a regular structure vanishes ; nor is 
there any indication of such a one as would result from the ag- 
glomeration of identical elements placed in juxtaposition or dove- 
tailed with each other. At some moments, the clearness is sach 
as to promise the analysis of the shaded portions, and make us 
long to have recourse to more and more powerful instraments." 
M. Flammarion, however, admits that the medium does throw 
some kind of veil over the object investigated. — Beader. 

TEMPERATUBE AT GBEAT ELEVATIONS. 

Mr. Glaisher has ^ven, in a lecture at the Royal Institution, % 
resumi of his scicntilic experiments in balloons. Tables, record- 
ing the d(*clino of t<imperature with elevation, show that when the 
sky was clear, a more rapid decline took place than when the sky 
wim cloudy. Under a clear sky, a fall of 1° takes place within 100 
'f the eailh ; but at heights exceeding 25,000 feet, it is neces- 
pasB thi*ough 1,000 ^et of vertical height to obtain a fall 
temperature. At extreme elevations, in both states of the 
I air became very dry, but» as far as his experiments we&t> 
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nerer quite free from water. From ascents made before and 
alter eanset, Mr. Glaisher concludes that the laws which hold 
good by day do not hold good by night ; indeed, it seemed prob- 
able that at nl^ht, for some little distance, the temperature may 
increase with eleyation instead of decreasing. From experiments 
made on solar radiation with a blackened bulb theimometer, and 
with HerschePs actinometer, it was inferred that the heat-rays 
from the sun pass through space without loss, and become effect* 
ive in proportion to the aensity or the amount of water present in 
the atmosphere through which they pass. If this be so, the pi*o- 
portion of heat received at Mercury, Venus, Jupiter, and Saturn* 
may be the same as that received at the earth, if the constituents 
of tiieir atmospheres be the same as that of the earth, and ereater 
if the amount of aqueous vapor be greater ; so that tiie effective 
solar heat at Jupiter and Saturn may be greater than at either the 
inferior planets. Mercury or Venus, notwithstanding their far 
greater distances frx)m the snn. This conclusion is most impor- 
tant, as corroborating Professor TvudalPs experiments on aqueous 
vapor. Experiments on the wind showed that the velocitv of the 
air at the esirth^s surface was very much less than at a high eleva- 
tion. A comparison of the temperature of the dew point, as 
shown by different instruments, gave results proving that the tem- 
perature of the dew point, as found by the use of the drv and wet 
bulb thermometers, and Daniell^s hygrometer, is worthy of fdll 
confidence as far as the experiments went. — Reader, 

THE EFFECT OF SUNSHINE ON FIBE. 

At the meeting of the Scientific Association at Buffalo, Prof. 
Horsford, of Cambridge, read a very interesting paper on the above 
subject. 

He commenced b^ alluding to the popular notion that sunshine 
deadens fires ; mentioning that the fires m grates, in rooms having 
southern exposures, bum briskly in the early part of the day, 
slacken before noon, and revive again before sunset. Stoves and 
ranges, that bake well in the autumn, wipter, and spring, fulfil 
their office but indifferently in the height of summer. Some fur- 
naces, in which iron is generally smelted without difficulty, can- 
not, in very hot terms, be brought to a working heat. While the 
popidar mind ascribes these effects to some agency of the sun, 
scientific men are disposed to regard the effects as ramer apparent 
than real. 

The first recorded research bearing upon the subject was made 
as long a^ as 1825, by Dr. Thomas Mckeever, who found, as he 
conceived, the popular impression sustained. In his experiments, 
a given weight of wax taper was consumed quicker in the dark 
than when exposed to the sun. A given length of candle required 
less time for combustion in tiie dark than in sunshine. A given 
weight burned quicker in a painted lantern than in an oncoated 
lantern, bo^ alike exposed to the sun. 

These experiments did not find acceptance with Gmelin, and 
did not appear in the original ** Handbook of Chemistry," doc 
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lets fttmi a eoDTfcsCkm thiiA some error most hare ooemred eidiflr 
in the method or record of observation. Nevertheless^ Dr. Mo- 
Keever's experiments appear as additions in the Cavendish Soci- 
ety's translation of the Handbook. The summary of hia resolta 
may be aMed thos : It reqnired eleven minntes to bom in the 
sunshine the same weight cl candle that burned in the dackinten 
minutes. 

Similar experiments were made at a later period by Dr. Morrill 
Wyman of Cambridge, and reported to the American Academy 
of Arts and Sciences. Ths result at which he arrived was exactly 
the reverse cl* that reached bv Dr. MoKeever. He bomed two 
qierm candles, each lUtemately for half an hour in the sunshine 
and darimess, and found the candle, during its exposure to son- 
afcdne, burned more rapidly than when in the dark. 

In 1856, the subject was taken up by Prof. Joseph Le Conte of 
Columbia, S. C. He concentrated, wim the aid of a reflector and 
burning glass, the sun's rays upon the flame oulj of a wax 
(spenn) candle in a large, din room. At the same time another 
candle was burning in the same room, under identical circumr 
stances, except that the flame was not exposed to the saii's rays. 
The result showed that the eflbct of the sun's rays, thoueh greatly 
exaggerated by concentration, when confined to the name, did 
not appreciaUy increase the consumption of tallow. 

Here, then, we have, apparently, all possible results of experi- 
ment, to wit: Sunshine diminishing the rate of combustion, as 
observed by Dr. McKeever ; augmenting the rate, as observed by 
Dr. Wyman, and producing upon it no effect whatever, as shown 
by Prof. Le Conte. 

Dr. McKeever ascribed the retardation to some peculiar effect, 
as of interference,of the solar rays upon flame. 

Dr. Wyman inferred that the sunshine, by warming the tallow 
of the candle exposed to it, facilitated its melting, and by so much 
spared, for destructive distUlation and combustiou, the heat of the 
name, which would have otherwise, in larger measure, gone to 
liquefy the tallow. 

Le Conte conclusively showed that, when the column of wax or 
tallow is sheltered, ana the sunslune directed solely on the flame, 
the effect on the consumption of the tallow is too small to be 
recognized. 

The observations of the latter experimenters agree in throwing 
doubt upon the interpretation Dr. McKeever gives of his own 
experiments. 

Prof. Horsford ascribes the source of error in Dr. McKeevei's 
investigation to the incidental greater flaring of the candle in the 
dark. The experiments with the lantern he explained by the 
well-known eflfect of dark paint in absorbing radiant heat, and 
converting it into heat of conduction, by which the air in the 
n-u'rvted-glass lantern was more heated than in the lantern not 
I. 

Horsford then gave an account of the diminished draft in 
,ge flue of his dwelling-house during the recent hot term, 
rendered it impossible to bake meats or bread in the oven 
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of his ran^. This continued from eleven o^clock to about three, 
within which hours bread could not be baked. With the decline 

J^f the sun in the afternoon, as in the early morning, the oven per- 
ormed its office better. The chimney was fifty-four feet high ; 
the roof of the house was of dark slate, and it was all exposed to 
heat before eleven ; some of it began to pass into shade about 
three. 

In the efifSect of this greater exposure to the sun during the 
hours when the sun is brightest, Prof. Horsford found the ex- 
planation of the observed phenomenon. The heated top and 
sides of the house warmed the air in contact, giving rise to an 
npmoving colunm from the top of the house and to an endless 
shroud of air sweeping up the sides of the house. This ascend- 
ing shroud draws the air from the cracks, doors, and windows of 
the house, lessening the pressure of the air in thd interior, and, 
of course, diminishmg the draft. 

The following are his conclusions : — 

1. That sunshine, falling on the flame only of a burning body, 
does not affect its rate of combustion. 2. That, other things 
being oqual, neither light nor darkness exerts appreciable in- 
fluence on the rate of combustion. 3. That, other things being 
' equal, of two samples of the same combustible, one burning in 
sunshine will consume more rapidly than one burning in dark- 
ness. 4. That combustion duiing the winter is more vigorous 
than in summer, because a given volume of air contains more 
oyy^gen, is denser and dryer. 5. That slight currents, by causing 
a name to flare and come in contact with more air in a given 
time, cause more rapid combustion ; and, by presenting greater 
surface from which radiant heat issues to warm the combustiblB 
about to bucned, increase the rate of combustion. 6. That the 
diminished draft of chimneys in very hot weather, when the 
general atmosphere is at rest, and the sunshine intense, is due to 
upward currents on the outside of the house, arising from the 
heated surfaces of the roof and walls, which cun'ents draw out-, 
ward through cracks, and open dooi*s and windows, the air from 
the interior of the house, and so lessen the pressure within, and 
overcome tiie draft of the chimney. 7. That the popular impres- 
sion that intense sunshine lessens the draft of chimneys is founded 
in fact. — Scientific American, 

TRANSFORMATION OF MOTION INTO HEAT. 

Mr. Rennie has demonstrated in the most satisfactory manner 
that this transformation ta]$;es place, even in the case of fluids. 
He boiled an effg in six minutes by merely placing it in a vessel 
which contained about ten pounds of water, and which was made 
to revolve two hundred and thirty-two times in a minute. In 
this case, motion was the only possible source of heat ; and the 
result was the more striking, as the friction of fluids is so very 
much less than that of solids. — hdeXleciual ObserveTf May, 1866. 
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iQljg^rees, or, better still, according to the latest improvements of 
fi^ Abaddie, witli the altitades corresponding to the temperatures, 
sing them to be the boiling points of water. The hypso- 
is, for several reasons, more suitable for the purposes of 
lers than the barometer : it is more easily carried, and less 
injured, and it requires, not an observation, but an experi- 
^aent which is made with greater facility, and is less subject to 
jocior. — ItUeUedual Observer, October, 1866. 

m . THSBMO-ELECTBIC- ELEMENTS OF GREAT HOTTVE POWER. 

^ * Blefan has examined a variety of mineral substances, with rela- 
*tloii to their thermo-electric power at high temperatures. The 
^ fkdneral to be examined was placed upon one end of a strip of 
^ copper, while the end of a copper wire rested upon the mineral, 
' ' tibe whole being pressed together to insure contact. The wire and 
^ oopper strip were connect^ with a galvanometer of ^reat resist- 
!' iuice, and the copper strip was then heated by a spint lamp. In 
' examining the mutual relations of the minerals, a copper stnp was 
placed between them, wires attached to the free ends of the frag- 
ments of mineral, and the whole pressed together by a wooden 
press. The free end of the copper strip was then heated, and the 
neat conducted to the minerals. In the foUowing enumeration of 
tilie elements employed, the positive element is always placed first ; 
and the number appended signifies how manv of the elements give 
an electro-motive force* equal to Daniell^s cell : — 

1, Foliated «opper pyrites — oopper; 26. 

2. Compact copper pyrites — oopper; 9. 

5. Pyrolusite — oopper; 13. 

4. Compact oopper pjrrites. — foliated oopper pyrites; 14* 

6. Copper — crystallized cobalt pyrites; 26. 

6. Granular cobalt pyrites — oopper; 78. 

7. Copper — iron pyrites; 15.7. 

8. Compact oopper pyrites — iron pyrites; 6. 

9. Foliated copper pyrites — iron pyrites; 9.8. 

10. Copper — erubesoite; 14. 

11. Fine bleisohweif—- oopper; 9.8. 

12. Coarse bleischweif — copper; 9. 

13. Galena in large crystals — oopper; 9.8, 

14. Bleischweif — embescite; 6.6. 

The great influence of structure upon the thermo-electric rela- 
tions is seen in Nos. 1, 2, and 4, and still more in 5 and 6. A mass 
of cubical crystals of galena was at some points negative, at oth- 
ers positive, to .copper. The densest, No. 14, has the ^eatest 
electro-motive force yet observed in thermo-electric senes ; but 
the substances employed are all bad conductors. The author con- 
siders, and we think justly, the above results as of great import- 
ance for the physics of the earth, and proposes to continue the sub- 
ject. In a note to Stefan^s paper, Poggendorff calls attention to 
an observation of Marbach, made in 1857, according to which, 
ciTStals of iron pyrites (Fe. 1^) and of cobaltine (Co. Sa — Co. Asj^, 
which cannot be distmguished, either in crystalline 4aaa or ^ 



156 ANNUAL OF SCIEimFIC DUCOTERT. 

composition, are divided, so f{ir as their thermo-electric relations 
are concerned, into two j^roups. Calling t^e two forms of tiie 
minerals a and 6, Marbach ffives the following series, redconiug 
from negative to positive : Iron pyrites, a ; cobaltine, a; bismuth, 
Grerman silver, platinum, lead, copper, brass, silver, ngiiminm, 
iron, antimony cobaltine, 6; iron pyrites, 6. — Fogg. Atm.^ -^prit 
1865, (u guotei in Jmerican Journal of Sdenee^ Btptamber^ 186& 



A NEW AND POWERFUL THERMO-ELECTRIC BATTERY. 

In a communication to the Vienna Academy, dated March 16, 
1865, S. Marcus described a new thermo-electric battery, whicli 
possesses extraordinary interest, both in a theoretical ana practi- 
cal point of view. The properties of the new battery are as 
follows : — 

1. The electro-motive force of one of the new elements is equal to 
l-25th of that of a Bunsen^s element of zinc and carbon, and hy 
its internal resistance is equal to 0.4 of a meter of nonnal wire. 
2. Six such elements are suMcient to decompose acidulated water. 
8. A battery of 125 elements evolved in 1 minute 25 cable cen- 
timetres of mixed oxygen and hydrogen, although decomposition 
tools place under disadvantageous curcumstances, as the internal 
resistance of the battery was much greater than that of the 
yoltameter in the circuit. 4. A platinum wire of i millimeter in 
thickness, introduced into the circuit, melted. 5. Thirty elements 
develop in an electro-ma^et a lifting power of 150 pounds. 6. 
The current is generated by warming only one of the contact 
sides of the elements, and cooling the other, by means of water 
of the ordinary temperature. 

As positive metal in these batteries, Marcus employs an alloy 
of 10 parts of copper, 6 of zinc, and 6 of nickel. The addi- 
tion of 1 part of cobalt increases the electro-motive force. For 
the negative metal he uses an alloy of 12 parts of antimony, 5 
of zinc, and 1 of bismuth. The electro-motive force of the alloy is 
increased by repeated fusion. In place of these alloys, a partic- 
ular kind of German silver, known as alpacca, may be used with 
the same negative metal ; or, as the positive metal, an alloy of 65 
parts of copper and 81 of zinc, and, as the negative metal, an 
alloy of 12 parts of antimony and 5 parts of zinc. The bars are 
not soldered but screwed together. The mechanical arrangement 
is such that only the positive metal is directly heated, the negative 
metal being warmed by conduction ; the former melts at about 
1200° C, the latter at about 600° C. 

An interesting fact in relation to the transformation of heat into 
electricity in the thermo-electric battery, is, that the water which 
serves to cool one of the contact sides of each element^ becomes 
yery slowly warmer so long as the circuit remains closed, but is 
heiS^ pretty rapidly when the circuit is open. The alloys em- 
ployed in this battery fulfil several conditions essential to the pro- 
daction of powerful electrical currents by heat. These conditions 
'lat the metals employed should be as far as possible from 
Br in the thermo-electric series; that they should permit 
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great differences of temperature, so as to avoid the necessity of 
using ice ; that they should not be expensive ; and that the insu- 
lating material should resist a high temperature, and possess suf- 
ficient solidity and elasticity. The thermo-electric battery in 
3ciestion was constructed in reference to the use of a gas flame, 
'he single element consists of bars of unequal dimensions, the 
positive bar being 1" lon^, 7'" broad, and 4"' thick ; the negative, 
&' long, 7'" broad, and 6"' thick. Marcus puts together 32 
elements in such a manner that all the positive bars are on one 
side, and all the negative bars on the other, and have thus the 
form of a grating. The battery consists of two such gratings, 
which are screwed together in the form of a roof, and strength- 
ened together by an iron bar, mica being used as an insulator. 
The under sides of the elements are cooled by a vessel of water. 
The whole battery has a length of two feet, with a breadth of six 
inches, and a height of six inches. Marcus has constructed a fur- 
nace, which is calculated for a battery of 768 elements, which 
would correspond to a Bunsen^s battery of 30 pairs, and consume 
240 lbs. of coal per day. The Vienna Academy, recognizing the 
importance of the discovery, has voted to the inventor the sum of 
2,^X) guilders, the invention to be public property. Pogg, Arm.^ 
Aprils 1866; from ** Amer. Joum. of Science" for Sept. 1866, 
the Editor of which appends tJie following note : — 

'* Thp importance of Marcuses invention, in a technical point of 

' view, can hardly be over-estimated, since it pi*omises to furnish 

the cheapest method of obtaining an intense light for light-houses 

and public buildings ; and even nolds out a prospect, perhaps not 

remote, of applications in domestic economy. 

" It must be remembered that the step taken by Marcus is, after 
all, a first step in tiie right direction. Bunsen, £. Becquerel, and 
Stefan, have shown that there are thermo-electric combinations 
of much higher electro-motive force than those employed by 
Maixsus, although tiie internal resistance is too great to permit of 
their use in constructing large batteries. If the progress of 
science should make us acquamted with metallic alloys, which, 
when combined and arranged as thermo-electric elements, de- 
velop electro-motive force as high as one-tenth of that of a Bun- 
sen cell, the thermo-electric battery will again become a new 
instrument. lii this connection, we suggest that the thermo- 
electric relations of the highly crystalline alloy of iron, manganese 
and carbon, known as ' spiegeleisen ^ (that n'om the Franklinite 
of New Jersey for example), deserve a careful study. The pos- 
session of a galvanic batteiy in which coal is consumed in place 
of zinc and acids, can hardly fail to revive an interest in electro- 
magnetic engines, like that of Page, even if only for cases in 
which comparativelv little power is required, since our best steam 
engines do not yield ten per cent, of the work which the con- 
sumption of the coal is capable of doing." 
U 
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WILDE*S 3LAGNET0-ELECTRIG XACHINB. 

Tho principle is this : An armature wound round with insokfeed 
win) ifl made to revolve rapidly in front of the poles of a large 
]M>rm:iiic>nt mat^net. Tho currents of electricity, thus induced m 
tin; insulated wire, are carried round a larg^ electro-ma^et, which 
is thereby excited to a very high degree. In front of uiis electro- 
ni:ignot, a second covered armature is rotated ; and the electrie 
(Mirn^nt thus generated is carried round a third electro-magnet 
It is from a rotating ai*mature in front of this third magnet that 
tho electric current, ultimately used for heating or lighting eflfeGti, 
is i)rodnco(l. At each passage round the electro-niagnets, and 
iiuiuction in the rotating armatures, the electric current becomes 
niagnilied to an extraordinary degree, until ultimately it is pow* 
criul enough to melt iron bars in a minute or two, and to prodnoe 
a light surpassing that of the sun itself. The machine is dnven by 
moans of a steam engine, and, as almost the only current expense 
is for motive power, it is not an improbable supposition that ere 
long electric lights of the most intense descnption will be as 
common in lar^e factories and public buildings, as gas lights are 
at the present time. 

Tho great advantages of this over the old system of magneto- 
cloctric machine appears to be that it is capable of amplification to 
any required power, by a mere enlargement of the size of the dif- 
f(?rent parts. His largest machine weighs about three tons. If, ' 
instead of using the electric cuiTent generated by it to produce 
dynamic clFects, we pass it round a still larger electro-magnet, 
wo should at once produce a vastly greater development of force. 
Tho only limit which we see to this multiplication of power is the 
(ixcoHsivo boat which would be developed in the rotating arma- 
tur(»s. One very interesting practical application of this brilliant 
and economical liglit is to p7ioto^*aphy, for which it is more con- 
venient than the siin. By its aid more than two hundred nega- 
tives can be exposed in a day, to secure gelatine reliefs. This is 
tho first practical application of the electric light to the commer- 
cial working of photography, its constancy rendering it here more 
valuable than an uncertain sunlight. — Quarterly Journal of Sd- 
eiice, 18G6. 

ELECTBICITY AS A MOTIVE FORCE. 

Mr, Moses G. Farmer, who has paid great attention to the on- 
p^in and measure of electro-motive force, and the resistance which 
tho cuiTont encounters in its passage through metallic wires and 
phitos, has pointed out the numerical rules for computing the 
mechanical power derivable from a given consumption of metal 
ill the battery, as compared with that furnished by an equal 
weight of coal; from which it appears that, until some much 
'**""'*«or mode of generating electricity shall be discovered, this 
"iannot compete, as a motor, on a large scale, with the force 
d from ordinary combustion. 
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FNEUMATO-ELECTRIC OBOAK. 

Electricity has been very ingeniously and effectively applied to 
form a connection between the keys of an organ and the valves 
•which permit air to pass to the pipes. Complicated mechanism is 
thus got rid of, an extremely simple arrangement, whatever the 
distance between the keys and the pipes, bein^ substituted. 
According to the "Scientific Review," when any key is depressed by 
the finger, a small commutator under it completes communication 
with a galvanic battery, by dipping its lower ends into minute 
cups of mercury. Electricity then passes along a wire to a smaU 
electro-magnet, that immediately becomes excited, and, attract- 
ing a keeper, opens a valve, allowing air to pass into the organ- 
Eipe, which sounds at once, and continues to do so as long as tlie 
nger presses down the key. It is clear that, however powerful 
the organ, or distant the pipes, the fingers are not in the slightest 
degree distressed in playing. The battery used is simple, inex- 
pensive, and permanent in its action. It consists of glass vessels, 
arranged on the upper surface of the bellows, and each containing 
a solution of sulphate of mercury ; into the latter plunges a plate 
of zinc, which is placed between two plates of gas retort graphite, 
when the bellows is raised by the action of blowing. No effect, 
therefore, is produced, except when requu'ed, which prevents 
waste of battery power. The zinc requires to be replaced, and 
'the mercury, thrown down by the zinc which is dissolved, to be 
re-formed into sulphate, about every six months. 



SUN-SPOTS VS. MAGNETIC VARIATION. 

Father Secchi has just completed the reduction of the observa- 
tions made during the years 1859 to 1865, inclusive, of the amount 
of magnetic variation, on the one hand, and of the number of 
groups oi spots visible on the sun, on the other. The results are 
very interesting, as showing the intimate relation between the 
two phenomena, — a minimum of spots invariably corresponding 
to a minimum of magnetic variation. 

DEVIATION OP THE COMPASS. 

Mr. E. S. Ritchie read a paper before the Massachusetts Institute 
of Technology, in February, 1865, on the deviation of the compass, 
caused by the iron used in the construction of vessels, and the best 
mode to correct it. The causes of the disturbance are : 1. The 
presence of soft iron, which attracts equally each pole of tlio 
needle, with a force nearly constant in all positions of the ship on 
the earth's" surfiice, and for all time. 2. The magnetism induced 
by the earth in kon placed in or near a vertical position, causing 
in the Northern hemisphere the lower end to become a North 
pole, while in the opposite hemisphere it becomes a South pole. 
3. Magnetism induced in the iron by rolling, hammering, etc., 
during the building of the ship : this is more or less permanent 
according to tJiie hardness and quality of \k^ \XQ)Ti\ -dxA^ ^xsv^-^*! 
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other chani^s, is liable to be increased by the often-repeated 
strokes ol* the waves. 

The m(^tIiod usually adopted to correct these deviations is, by 
so placing bar-magnets as to counteract the ma«^etisin of the ship. 
But, as every vessel has its own man^nctic peculiarities, — as iif 
some vessels the error is comparatively smaU, or nearly constant 
for a considerable time, while in others the amoant of deviatioii 
changes greatly and suddenly, — the bar-magnets, remaining 
constant in forc^e, cannot be relied on to correct the deviation. 
The prevalent idea among shipmasters, that the deviation was 
necessarily of the same amount, and opposite in direction on op- 
posite courses of the vessel, is erroneous, and the placing of the 
local mamiets for correction in consequence of no avail. 

It is of great importance that masters of vessels should make a 
table of errors for at least sixteen points of the compass, with a 
proper allowance therefor, and iO^quently verify or correct this 
table of errors, and test the course daily by means of the azimath 
compass. If this precaution were used by all masters of vessels, 
not only would the list of disasters be very greatly reduced, bat 
the length and expense of voyages, and the premium of insur- 
ance, would be diminished. 

ACTION OF SULPHUR IN A NEW FORM OF VOLTAIC BATTERY. 

M. Matteucci communicated to the French Academy of Sci- 
ence's a memoir on the above subject, the chief points of interest 
in which are as follows : — 

The author recently had his attention directed to the action of 
sulpliur in a new form of battery invented by M. Blanc Filipo. 
This battery has for its positive electrode a plate of zinc plunged in 
a solution of common salt, and for the negative metal a plate of lead 
covered by electrolysis with a very thin layer of copper ; enongii 
flowers of sulphur were then nHxed with the liquid in the cell to 
foi-m a thin paste. The needle of a galvanometer, which had 
been included in the circuit, immediately began to move upwards: 
after some hours it reached nearly the same deflection as would be 
shown by employing a Daniell's cell of equal size, and remained 
at the same decree for four or five days, the circuit being closed 
during the whole of this time. At the end of this period, the 
layer of copper was found to have changed into sulphide of cop- 
per, and the liquid had become hi^lily charged with sulphide of 
sodium, mixed with traces of sulphide of copper. The only dis- 
advantage at present connected with this battery appeared to be, 
that, during its action, a small quantity of sulphuretted hydrogen 
Wiis liberated : notwithstanding this, it is likely to be a jnost valu- 
able instrument for telegraphic purposes. 

M. Matteucci found that plates of platinum, iron, copper, silver, 

or any other electro-negative metal, when covered with a layer of 

copper, which is absolutely necessary, gave a constant cuiTent, 

^milar to the coated plate of lead. When, instead of copper, the 

ites were coated with silver or lead, the same action took place, 

> metal being changed into its avil^\i\dft. With eopper, how- 

^r, the Aiition was most prompt, \xi\Aiv&e, \N.xidL v^tt^^^;^^'^^ 
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The author then shows, by expeHments, that to obtain the 
proper effect of sulphur in the battery, it is necessary tiiat the 
sulphur should be mixed with a solution of common salt, or with 
any other salt of soda, or probably with any alkaline base ; it is 
lilso essential that the sulphur should come in contact with the 
copper. Experiments showed that this action of sulphur was 
subject to the fundamental law of the battery ; for, taking into 
account the traces of sulphuretted hydrogen which are disen- 
gaged, and the very small quantity of sulphur which is combined 
wiUi the copper, the conclusion was arrived at that the zinc dis- 
solved, and uie sulphur combined with the sodium, as protosul- 
phide, in the exact ratio of their equivalents. Summing up his 
results, M. Matteucci arrives at the following conclusions : — 

1. That finely-divided sulphur, placed in contact with the elec- 
tro-negative metal d§ a battery composed of zinc, copper, and 
solution of common salt, notably augments the electro-motive 
force, the constancy and tiie duration of the battery. It is thus 
hoped, that, by the employment of sulphur, a voltaic combination 
majr be obtained having many advantages over those batteries 
which are ordinarily used in industry. 

2. The sulphur, though insoluble, and uncombined, enters into 
combination with the sodium set free by the electric current. 

The action exercised by the small quantity of sulphide of cop- 
per which is formed still remains to be explained. This action 
appears to be essential to the battery. Instead, however, of offer- 
ing any theory on this subject, M. Matteucci has undertaken fur- 
ther experiments to elucidate this point. 

INDUCTION COILS. 

At a recent meeting of the Royal Scottish Society of Arts, held 
in their hall, George Street, Edinburgh, Sheriff Hallard presiding. 
Dr. Ferguson read a paper on a new method of constructing 
induction coUs, an abstract of which wiU be interesting to our 
readers. One peculiarity of the method consists in coiling the 
secondary wire round the primary coil, in lengths proportionate 
to the power of the primary coil at the point where the wire is 
coiled, there being least at the ends and most in the middle. By 
this construction, the length of the spark given by the induction 
coil is not purchased, as it generally is, at the expense of its vol- 
ume. Another pecuUarity is, that the wire is wound in two parts, 
separated by a diaphragm, and the poles stand at the same dis- 
tance from Uie primary coil. Both poles are thus alike a power. 
In the usual arrangement, one pole is weak and the other strong. 
A coil constructed on this method by Mr. Hart, of College Street, 
was exhibited, which gave readily dense sparks of eight inches in 
length. The insulation of the coil has been so applied and pro- 
tected as to secure the permanent power of the coil. The length 
of the wire on the secondary bobbin is nearly seven miles. 
Another paper on a new current interrupter for the induction coil, 
also by Dr. Ferguson, was read. In this contrivance, a spirr' 
copper wire, free to oscillate in the middle, is fi^ed oJL \^ ^ 
14* 
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a rod of Iron as a case. A wire, soldered to the cofl, comes out 
at right angles fVoni it; and, being bent down at the end, dips 
into a cap containing mercary. The battery connection is so 
arranged, that when the dipping wire is in the cup the galvaiiic 
circuit is closed. On the closing of the circoit, the dipper is 
drawn out of the cup, and the circuit is thereby broken ; and the 
coil, under the action of its electricity, returns to its former posi- 
tion. The dipper is thus alternately lifted np, and pinned into 
the cup, and a rapid series of interruptions is made. This iDte^ 
mption admits of a simple and perfect systenEi of regulation, so 
that it can be made to move at any speed. It does away with 
the armature and spring of ordinary self-acting brakes, is quite 
continuous, and introduces almost no resistance into the primary 
circuit. The interruption was used with the ooil, and several 
experiments iUustrative of the merits of bofh were performed. 



ELECTRIC SIGNALS ON RAILBOADS. 

Before the Institution of Civil Engineers, an interesting paper 
was read by W. H. Preece, Associate, ** On the best means of 
communicating between the passen^rs, guards, and drivers of 
trains in motion.^* Mr. Preece explained that the essential prin- 
ciple of the system he had introduced in the trains of the Sonth 
Western, the Midland, and the Great Northern, was the exten- 
sion of a single isolated wire throughout the whole train, which 
was maintained in a state of electrical equilibrium by having the 
similar poles of every battery in each van and engine attached to 
it, while their opposite poles were connected with the earth, so 
that when this equilibrium was disturbed by placing the wire to' 
earth through the framework, wheels, and rails in any carriage 
or van, the current from each battery acted upon the bell in its 
own van, and upon a signal on the engine. Its peculiarity con- 
sisted in this, that the commutators in each compartment of every 
carriage were protected from the mischievous and idle by being 
covered with glass, which had been found experimentally to be 
the best material for the purpose, as any opaque substance excited 
inquisitiveness and Interi'erence. 

HX7TUAL ACTION OF ELEMENTS OF ELECTRIC CUEBENTS. 

The law of Ampere — that commonly reco^ized as expressing 
the action of two independent elements (or infinitesimal portions 
of electric currents) — was based on a certain assumption, and on 
four cases of equilibrium experimentally determined. The as- 
sumption of Amp6re was, that the direction of the action was 
constant, independent of the relative direction of the elements, 
and that the quantity or intensity of the action varied with the 
direction of the elements. The new assumption is the reverse of 
this, to wit, that the intensity of the resultant is independent of 
he direction of the elements ; but that the dii-ection of the result- 
t varies with that of the elements. Th!& VaAX/ex n\<&^ in.ore clo^ey 
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)rresponds to the doctrine, now generally admitted as estab- 
shed, of the correlation of the physical forces. It is also, in 
>rm, more closely analogous to the law expressive of the mutaal 
stion of material masses under the influence of gravity. 
In the case of gravity, the action was proportioned cHrectly to 
le product of the masses, and inversely to liie square of their 
[stance. In the case of electrical currents, the direction of the 
ements is to be taken into consideration ; and the resulting force 
lay be expressed as the product of the quotients of each element 
K>nsidered both as to stren^h of current and length and direo- 
on of the element), divided by their distance (also considered 
>th as to length and direction). The consideration of direction 
ivolves the application of the newly-developed principles of the 
lathematical science of quartemions. 

The law above mentioned being assumed, all of the other ordi- , 
iry special laws of electrical action flow readily and necessarily 
erefrom ; as, for example, the mutual action of closed circuits, 
id the action of magnets considered as solenoids. — £. B. 
LIJOT, in Froc, Am, Asa'n^for Ado, of Science^ 1S66. 

!7STBUHENT FOB SHOWING MINUTE CHANGES OF IIAGNETIG 

DECLINATION. 

Dr. Joule described, before the Literary and Philosophical Sod- 
y, an instrument he had constructed for rapidly showing minute 
lan^es of magnetic declination. A column of small ma^etic 
3edTes is suspended by a filament of silk. Attached to the lower 
id of the column is a glass lever with a hook at its end. A 
cond fine bent glass lever is suspended by another filament of 
Ik ; its shorter arm being connected with the first lever by means 
' the small hook. The whole is enclosed in a stout copper box. 
ght is admitted into the box through a lens, cemented into an 
ifice immediately under the object-glass of a microscope, placed 
'er the free extremity of the bent lever. The microscope mag- 
fies about three hundred linear, and has a micrometer in its eye- 
ece, with divisions corresponding to one two-thousandth of an inch, 
ae division corresponds to a deflection of the needle of four and 
LC-half minutes, and, as a tenth of a division can be very readily 
)served, the instrument measures deflections to withm half a 
cond. So rapid is the action, that, on applying a small mag- 
$tic force, the index takes up its new position steadily in two 
conds of time. Besides being a damper to the motion of the 
icdle, the copper box, by its conducting power, equalizes the 
mperature rapidly, so that the indications are not to any consid- 
able extent disturbed by currents of air. The suc-cess of the 
esent instrument encourages the hope that verv much greater 
ilicacy may yet be obtained. Dr. Joule said that he had ob- 
rved an extensive magnetic disturbance the preceding evening, 
e index being driven entirely out of the field of view. 
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ELECTRICAL FLYING FISH. 

The experiment of the '* flying fish** has excited attention in 
Paris. M. TAbb^ Laborde and M. Salleron have both written to 
'* Les Mondes ** on the subject. Each suggests makiiig use of the 
conductor of an electrical machine in place of a charged Leyden 
lar. M. TAbb^ Laborde says, in the following manner the exper- 
iment can be easily made bv any who possess an ordinary electri- 
cal machine : A piece of gold leaf or silvered paper is cat into tb^ 
shape of a kite ; this is then placed on the condactor of a machine, 
ana a ball connected with the rubber slowly approaohed to the 
blunt end of the leaf. Soon the leaf rises ana springs &om Ae 
conductor, remaining hovering in the air between it and the balL 
The finger can be substituted lor the ball, and the leaf led even ve^ 
tically round the conductor with a considerable intervening space. 
The distance of the leaf from the rubber almost entirely 3epend8 
upon the size of the blunt angle, — the more obtuse this angle, the 
nearer the leaf approaches to the rubber. The explanation given 
by M. rAbb6 Laborde is, that the point presented to the electrified 
body, receiving electricity of the same name, is repelled, which 
it woi^d be ^altogether, were it not that it parts with its elec- 
tricity by the other point, can be again attracted to the electrifi^ 
body, and is again repelled. Thus repulsion taJ^es place in ap- 
proaching the condactor, because it receives more than it loses ; 
out immediately attraction ensues, because now it loses more than 
it receives. The equilibrium between these two opposing forces 
enables the gold leaf to maintain itself in the air at a distance firom 
both solid bodies. 

ELECTRICITY IN DEEP-SEA SOUNDING. 

In deep-sea sounding, the ^eatest difficulty is felt, even by ex- 
perienced persons, in ascertaining the precise moment at which 
the lead of the sounding-line touches the bottom, — a matter on 
which ttke whole value of the sounding depends. An apparatus 
invented in France, at Lyons, removes, it is said, every difficulty 
on the point. The sounding-line contains within it, along its whole 
length, two insulated conducting wires, the upper ends of which 
are connected respectively with me poles of a galvanic battery in 
the ship. The lead is in two paits, the lower one of which is partly 
inserted into the upper, and is capable of a limited vertical motion 
within that of the other, so that, when left to hang freely, a small 
empty space is left within the upper portion by the spontaneous 
descent for a short distance of the lower portion. To the upper 
end of the lower portion, and within the upper portion, is attached 
a commutator, which is contained' in an insulating and water-proof 
sheath, and which, when the lower portion of the weight is raised 
by contact with the ground, comes in contact with the ends of the 
conducting wires, so as to complete the circuit. Instantiy, by 
"*>eans of the ordinary electro-magnetic apparatus, a bell is rung 
board the ship to attract the attention of the sounder, and a 
ichet is thrown into action, which arrests the unwinding of the 
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line from the dram on which it is coiled, so that no more can nm 
oat. This apparatas is applicable also when the lead is kept hang- 
ing down at a certain distance from the ship, for the purpose of 
inoicating the presence of rocks or reefs, or that the water has be- 
come shallow, so as to give timely notice of approaching danger. 
— Scieatific American. 

LIGHTING OP THE CAPITOL DOME. 

Hie efforts of Mr. Samuel Gardiner, of New York, in this en- 
terprise have been crowned with triumphant success. For two 
years and a half the arrangements have been quietly perfecting, 
and on the evening of the 25d of January, 1866, the dome was 
iUuminated from three circles of burners, invisible from the floor, 
and containing 1100 jets, from 6 to 12 inches apart, bringing out 
in splendid relief the picture executed by Mr. Brumidi on the 
ceiling of the inner dome, at a height of 180 feet from the floor of 
the rotunda. 

The means for operating the battery, turning on and off the 
^as, and lighting each tier of burners, are brou^t within a space 
of two feet square in a passage-way within a few feet of the 
floor of the rotunda, and consists of a silver-mounted dial-plate 
witlT keys, eleven in number, one in the centre, by which the 
primary connection is made, and the required amoimt of bat- 
tery brought into operation, the others being for the gas and 
lighting connections of the respective tiers. These tiers, it may 
be here mentioned, are three in number at present ; the first, 
containing 300 burners, at the lower cornice', 45 feet from the 
floor ; the second, of 825 burners, at a cornice 80 feet from the 
floor; the third tier, 425 burners, 165 feet from the floor, sur- 
rounding the balustrade, and near the margin of the picture bn 
the ceiling. 

The first and second series of burners are entirely inaccessible, 
all are invisible from any part of the floor, and every possible 
manipulation is executed at the dial-plate on the floor by the ex- 
ertion of a few ounces pressure on the appropriate key, the gas 
stop-cock to each tier being operated by an electro-magnetic en- 
gine in its vicinity, which receives its impulse from the battery, 
the central heart of the concern, communicating light, heat, and 
force, under the guidance of the brain which directs the current ak 
will through the five miles of wire. This heart of the apparatus, 
whose impulses are thus directed, is housed in and fully occupies 
an elliptical room 45 by 36 feet, and consists of 200 jars, arranged 
on tables in concentric series, each jar being 13 inches in diame- 
ter, 14 inches deep, and so arranged as to be thrown on or off in 
sections of 20, by the key on the before-named dial-plate in a 
passage remote from the battery. A vernier on the dial-plate, in 
connection with a pointer on the central key, indicates the extent 
of the battery which is brought into operation by the revolution of 
the key. Openings in the mal expose dark and light segments 
of the wheels on the gas keys, so as to indicate the shut or open 
positions of the gas stop-cocks at the tiers 45«S0^1<^&^«Aji^b^ 
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duster 264 feet above. Owing to the height, a gas regulator la 

Srovided at the stop-cock of each tier, which equalizes the flow, 
[o. 10 copper wires are used throughout; and, after being 
wrapped with linen, are inclosed in fndiarrabber tabing, and 
incased, or otherwise secretlj laid, passages in the walls being 
drilled therefor through a thickness of from 8 to 20 feet. The 
return circuit is made through the gas pipes, saving a duplicadon 
of the nine thousand yards of wire. The burners used have an 
indestructible lava tip, which acts as an insulator, and each la 
provided with an insulated coil of platinum wire on one side of 
the orifices, so as not to interfere with the free exit of the gas, 
while exposing one side of the jet to the action of the red-hot 
metal when the electric connection is made. 

The experiments have covered a period of nearly ten years, and 
six patents cover the main features of the invention. The ex- 
periments, on so fin^nd a scale as the Capitol dome» with 1100 
burners, at such distance and elevation, settle the question of 
success ; and the invention will come into general use for lighting 
theatres, concert and public halls, and eventually, bv large centru 
batteries, will ramify over city districts, to afford to residents, 
merchants, and manufacturers, a connection for the purpose of 
instantaneous illumination to any extent desired. — SciaU. Am. 

FBOTECnON AGAINST LIGHTNINQ. 

The present summer, so far, has been remarkable for the num- 
ber of accidents from discharges of electricity. We believe there 
has been no storm this season, accompanied with lightning, which 
has not resulted in damage to person or property. In view of 
these facts, the importance of providing adequate protection to 
buildings and ships, from lightnmg, can hardly be over-estimated. 
The failure of lightuing-rods, in some instances, to protect the 
structure to which they were attached, has liad the effect to im- 

Sair confidence in such means of protection ; but it can be clearly 
emonstrated that, when made on scientific principles, honestly 
constructed, and properly applied, they are the only means which 
can be relied upon for protection, and that they are deserving of 
entire confidence. 

The electric fluid does not always descend in a vertical path, 
nor in a course approaching that direction. Many instances are 
on record where the bolt travelled horizontally, and much dam- 
age has occurred from *' earth strokes ^^ or ascending discharges. 
These facts have not always been recognized by constructors of 
lightning-rods, their idea being that a building was sufficiently 
insured against lightning by having the rods project above the 
highest portion of the building, leaving all the other parts unpro- 
tected. Experience has added its evidence to the instructions of 
'Hdenco in demonstrating the unreliability of such protectors. 

From Lyon^s *' Treatise on Lightning-Conductors,^* we copy the 

Uowing requisites of a good rod : — 

*' 1. The conductor should be made of good conductang sub- 
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2. It should have great electrical capacities ; a sqnare rod 
requires less metal than a round rod. 

••3. It should be perfectly continuous, -t. «., it should have no 
breaks in the connections, — no Imks or hooks, but a perfect 
metallic union of every part. 

"4. It should be insulated from the building to be protected, 
except from such masses of metal as are likely to offer other lines 
of dischar^. 

** 5. It should have numerous lateral points ; one in six or seven 
feet will answer. The more numerous these points are, the 
greater the conducting power of the rod. Besides, these lateral 
points provide for an oblique discharge, each being as good a 
receiving point as the higher point at the chunney or other prom- 
inences. They also guard a^inst a lateral explosion, or a divi- 
sion of the charge, which is liable to happen in case the rod is 
overcharged, especially if it be fastened to the house with pointed 
staples ; and, in case of an upward stroke, the electric fluid being 
discharged at so many different points, no harm can possibly 
occur; 

#••6. Its upper extremity should project freely into the air, 
should be pointed, and may be triangular, somewnat similar to a 
bayonet, or it maj have several branches. The only scientific 
advantage in having a branching head or point for the superior 
termination is this : all points are not likely to become blunt at 
the same time. Some have supposed that the point should be 
magnetized ; and little needles, called •* magnets," nave sometimes 
been added. But it is difficult to see the practicability of this 
recent discovery; for most are aware that magnetized iron or 
steel soon loses its magnetic influence. But is there any truth or 
science, in this application of magnetism ? If there is, we confess 
that we have not been able to discover it in any experiments in 
the laboratory ; neither can we leani that the subject has even 
been mentioned by any writer whatever on the subject of eleo- 
tricity. 

"7. The upper termination should be plated with silver or 
gold, to prevent corrosion. 

**8. Every branch rod running to chimneys and other promi- 
nences should have a perfect metallic union with the main rod. 

** 9. In cases where metallic vane spindles, or other points, 
exist, the conductor may commence from these, and should be 
applied immediately to the part to be protected, and not at a dis- 
tance from it ; and should be so applied that a discharge of light- 
ning falling on the general mass could not possibly nnd its way 
to tne ground through the building by any circuit of which the 
conductor did not form a part; that is to say, the conductor 
should be so carried over the several parts of the building, that 
the discharge could not fall upon it without being transmitted 
safely by the conductor. Hence, the rod should run along the 
whole length of the ridge, and down to the ground, at least on 
two sides of the building. If the building is large, it should run 
down on each comer. 

** 10. Every conductor running to the groxiud ii&iO\)\^ H/^TGUfi&s^^ 
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saffloiently bonrath the rarfaee to Insare moisture in the diyert 
pait of ilic se:i»Mm. If circumstanoes permit, it should oonneefe 
with a 8pring of water, a drain, or some other condncdiig 
channc^.^ 

NiimenMiM instances of the ascending stroke have oocomd, the 
rocori Is of w hich are extant. It must be evident that a single rod, 
cxU'udin*; al)(>v() only one point of the building^, will not propeilj 
pr<>ti>(:t tlxi stnirt.nru U) which it is applied from one of obese oj^ 
ward St Hikes, neithc^r is it efficient against an oblique or divided 
dis<'har<r<?. The whole, building, top and sides, must be protected 
by a continuous rtMi witii numerous projecting^ points f<Nr reoeiTiBg 
and disirharging the electric fluid. 

Passing the rod through glass insulators does not seem to be 
always clFcctual to protect the building. The interposition of t 
glaKtr- knob between the rod and the building*, appears to be 
pnif(iral)le. In cases where the rod has passed through a hoUov 
cylinder of glass, it has been found that the g^lass would banti 
and the fluid enter the building by the iron staple which held the 
glass ring. 

Homo of the old-fashioned and erroneous notions entertained 
and religiously believed by persons in relation to the eiSects of 
lightning, and particularly the means of protection, have been 
exploded by tlie occurrences of this season. That fearers afford 
uo protection against electricity is proved by the case of a woman 
in St. Louis, who was killed by a stroke of lightning wbdle lying 
on a feather bed. An instance of one of three persons sitting 
near a closed window being struck also dispels the illusion tiiet 
the interposition of window-glass is an effectual bar to the actioB 
of the destructive element. 

The only (;j!icient protection is that of a good rod, properly pot 
up. Tlie subject is too important to be lightly passed over; and 
it is uo less inii)ort:int that the confidence of the purchaser shonki 
not be Ijetrayed, and life and property endangered, by accept- 
ing an inelliciont conductor, or one improperly applied. 

Many buildings are now constru(^ted, both in this city and in the 
country, with metallic-covered roofs, and very few are* erected 
without metallic eaves, troughs, and conductors. In all such 
cases, the efficiency of lightning protectors is impaired by the pre- 
ponderance of conducting suriace on the roof and down the sides 
of the building. This metallic covering, and these rain-condoo- 
tors, whether of tin, zinc, or lead, are better conductors of eleo* 
tricity than the building of stone, brick, or wood, and should be 
utilized as a means of protection against lightning. For tlus pin>- 
pose, strips of iron, zinc, or copper, should connect the lower 
extremities of the water-spouts with the damp earth, a well, or 
a running stream of water, and the eaves-troughs should have ft 
connection with the metal roofing and with the vertical oondoo- 
tors. Water is a good conductor of electricity ; and when, in ft 
'uder storm, the rain is pouring down the conduits of a bidld- 
. their conducting properties are largely increased. Properly 
neeted, these useful appliances can be made doubly valuable 
^Armless conductors of electricity. ^ 



I 
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1 Id cities and enterpiiniig towns there are systems of watar- 
I ' pipes and gas-conductors, of metal, ramlMng in the interior of 
K dwellings and other stmctares. .Sach bnildings shoald be care- 
fully protected outside. If the conducting medium, whether of 
fr water or ^as-pipes, preponderates in the interior of the building, 
K tlie electm fluid may leave the external conductor, and through a 
ti thick wall seek that which facilitates its passage to the earth. In 
-t^ such cases, it seems that nothing but a rod, having numerous 
points for collecting the electricity and adequate means for convey- 
ing it innocuously to the earth, would be an effectual protection. 
Some authorities recommend a connection to be made between 
the system of water and gas-pipes inside a building and the ex- 
•temal conductor. — 8eimt^ American. 

ALL THINGS IK XOnOK. 

In imagining the ultimate composition of a solid body, we hare 
to reconcile two apparently contradictory conditions. It is an 
assemblage of atoms which do not touch each other, — for we are 
obliged to admit intermolecular spaces, — and yet those atoms 
are neld together in clusters by so strong a force of cohesion as 
to give to the whole the qualities of a soud. This would be the 
case even with a solid unders^oing no change of size or internal 
constitution. But solids do change, under pressure, impact, heat, 
and cold. Their constituent atoms are, consequently, not at rest. 
Mr. Grove tell us: "Of absolute rest, nature ^ves us no evi- 
dence. All matter, as far as we can ascertain, is ever in move- 
ment, not merely in masses, as with the planetary spheres, but 
also molecularly, or throughout its most intimate structure. 
Thus, every alternation of temperature produces a molecular 
chan^ throughout the whole substance heated or cooled. Slow 
chemical or electrical actions, actions of light or invisible radiant 
forces, are always at play ; so that, as a fact, we cannot predicate 
of any portion of matter, that it is absolutely at rest.** 

The atoms, therefore, of which solid bodies consist are supposed 
to vibrate, to oscillate, or better, to revolve, like the planets, in 
more or less eccentric orbits. Suppose a solid body to be repre- 
sented by a swarm of gnats dancing in the sunshine. Each gnat 
or atom dances up and down at a certain distance from each other 
gnat, within a given limited space. The path of the dance is not 
a mere straight line, but a vertical oval — a true orbit. Suppose, 
then, that, in consequence of greater sun heat, the j^ats become 
more active, and extend each its respective sweep of flight. The 
swarm, or solid body, as a whole, expands. K, from a chill or the 
shadow of a cloud, the insect^s individual ran^ is less extensive, 
the crowd of gnats is necessarily denser, and the swarm, in its 
integrity, contracts. 

Tyndall takes for his illustration a bullet revolving at the end 
of a spiral spring. He had spoken of the vibration of the mole- 
cules of a solid as causing its expansion, but he remarks that, bv 
some, the .molecules have been thought to revolve round each 
other; the communication of heat, by augmentinK thfiis cayiJx 
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ugal force, was supposed to push them more widely asunder. 
So he twirls the Weight at the end of the spring, in the open air. 
It tends to fly away ; the spring stretches to a certain extent, aod 
as the speed of revolution is augmented, the spring stretches still 
more, the distance between the hand and the weight being tiios 
increased. The spring rudely figures the force of cohesion, while 
the ball represents an atom under the influence of heat. 

The intellect, he tiiily says, knows no difference between great 
and small. It is just as easy, as an intellectual act, to picture a 
vibrating or revolving atom as to picture a yibratinff or revolriDg 
cannon ball. These motions, however, are executed within limits 
too minute, and the moving particles are too small, to be visible. 
Here the imagination must help us. In the case o£ solid bodies, 
YOU must conceive a power of vibration, within ceitain limits, to 
be possessed by the molecules. You must suppose them oscilla- 
ting to and fro ; the greater amount of heat we impart to the 
body, the more rapid will be the molecular vibration, and the 
wider the amplitude of atomic oscillation. — AU the Year Rtmud, 



COBRELATION OF THE PHYSICAL FOBCBS. 

There are signs of some reaction against that doctrine of the oof- 
relation of the physical forces which, for the last twenty years, has 
so dominated scientific thought, or, at least, against that interpre- 
tation of it which makes it teach tiiat all forces are modifications 
of one force, and are mutually convertible into each other. Thus, 
in the last number of the ** Quarterly Journal of Science, '^ a men- 
tion, in an article on ** De La Rue and Celestial Photography," of the 
appearance in the photograplis of the solar eclipsQ of 1860 of solar 
prominences invisible to the human eye, calls forth the following 
very noteworthy remarks: **Acunous question aiises from the 
consideration of the chemical power evidently possessed by these 
prominences, be they flames or clouds. We never, as we have 
already stated, under ordinary circumstances, obtain an impressed 
ima^e of the sun without finding the indications of a protected 
circle — that is, one Avhich proves a paucity of chemical power- 
surrounding the photographic disk. Yet, when the light of the 
solar disk is interi'uptea by the body of the moon, the radiations 
proceeding from the edge, or rather, perhaps, from beyond it, have 
a strong photographic power. What is the cause of this most 
remarkable difference? Why is it that the photographic tablet is 
impressed during an eclipse by objects which do not give light 
enough to be visible even at the period of totality, and that they 
do not effect the required chemical change upon our sensitive 
plates when the sun is unobscured ? The only reply which we are 
at present in a position to give, is, that the diffused light when the 
sun is shining is sufficiently powerful to overcome the weaker 
chemical radiations of those solar clouds or flames. If this reply 
approaches coirectness, we have additional evidence confii-muig 
le view that the two principles existing in the sunbeam, light or 
uninous power, and actinism or chemical power, are not modifi- 
Ations of the same ' energy,^ to use the accepted term of the daji 
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but raliier forces balanoed against each other, acting indeed in 
antagonism.^ 

THE PHYSICS OF ABSOBFTION. 

The carious fact pointed oat by Poaillet, in 1822, that when a 
fluid is absorbed by a porous substance a rise in temperature oo^ 
curs, has given origin to some strange explanations and discus- 
sions. The subject has recently been taken up by Jungk, who 
attributes the alteration in temperature to the formation around 
each particle of the porous body of a thin layer of fluid, ** in which 
the individual molecules move with much less freedom ; thus point- 
ing to a condensation of the fluid in those parts.** In support of his 
theory, he quotes a paper by Rose,on the errors which arise in the 
determination of the specific gravity, when the substance is weighed 
in a state of fine subdivision. The finer the particles of the body 
under examination, the greater will be the resulting specific grav- 
ity. He proceeds by assuming that the temperature of a body rises 
or falls when, by any external means, it is caused to assume the 
condition induced b^ the subtraction or addition of heat respect- 
ively. Applying this in the case of water, it would follow that, 
when absorbed by a porous substance, the temperature should 
either rise or fall according as the water is below or above four 
degrees Centigrade, — the point of maximum density. This, in 
fact, was found to be the case ; and the results of his experiments 
may be shortly stated as follows: 1. The temperature of water, 
when absorbed by sand, is raised or lowered according as it was 
previously either above or below four degrees C. 2. Water at 
zero, when absorbed by snow, is lowered in temperature. 3. The 
phenomenon may be regarded as a consequence of the condensa- 
tion of the water od the suiface of the absorbent body. — Foggen- 
dorjff^s Annalen, 1865^ 

LIFE-TABLES. 

A paper entitled " New and Compendious Method for the Con- 
struction of Life and Annuity Tables from Returns of Population 
and Mortality,** was read by Mr. E. B. Elliot at the 1866 meeting 
of the American Association for the Advancement of Science. 

He remarked that life-tables assume various forms, the more 
common form bein^ that which gives the number surviving dif- 
ferent ages out of a given number of persons living at some 
earlier age specified. 

The population of any community is usually a fluctuating one ; 
it varies witii the excess /)f births over deaths, and of immigra- 
tion over emigration. 

A stationary population is one unaffected by migration, and in 
which the births are equal in number to the deaus, the number 
of persons annually entering upon any age being equal to the 
number of deaths which annually occur at and over that age. 
tience, if we have either the number of annual deaths or the 
number of the living at different ages in a stationary population, 
we have in desirable form life-tables for that po^uI&U^ysv. 
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The problem then is, g^t^en the annual nnmber of detdu ifc 
different a^es in a fluctuating population, and the nambeiB of die 
population at tho same ages at the middle of the Tear ; reqoued, 
the corrcRponding^ relative number of deatiis ana of Hving in » 
stationary population governed by the same law of mortality. 

The usual modes oi affecting this oonversion are indirect and 
tedious ; the method now proposed is direct and biief^ redndng 
the labor of weeks to that of hours. 

This important result is accomplished by observing that die 
rates of annual mortality at different intervals of aee are eqmTft- 
lent to the derivative (or differential co-efficient) ofthe S^Mueriin 
logarithm — taken negatively — of the proportionate nombenof 
the living at thoHC ages, in a stationary population. 

Taking advantage of this fact, Mr. Elliot showed how, by veiy 
■hnple processes, desirable forms of the life-table might les^ 
be computed. 

THE PHILOSOPHT OF A TOP. 

The reason whj a top stands in an erect position when it is ins 
npinning motion is explained by the ** Scientific American'' in die 
following manner : — 

** The same explanation that we gave, some time since, of the 
gyroscope, applies to a top. If you tie a stone to the end of s 
string and swmg it about your finger, then, while it is whirling, 
if a sheet of thin paper be held so that the stone will strike it at 
a sharp angle in a way to tnm the stone from the plane of its 
revolution, the stone will resist this effort to turn it from its coarse, 
and will pass through the paper. If a sufficient number of stones 
are united to form a complete wheel, and the wheel is put in rota- 
tion, each one of the stones will resist any effort to change the 
plane of its revolution ; and thus the whole wheel will resist any 
effort to change the plane of its rotation. When a top is rotating 
in an upright position, it cannot lean toward any side withoot 
changing the plane of rotation of all its parts ; consequently, so 
longas it is rapidly rotating it stands upright. 

"When the axis of the top is inclined, uie force of gravitadon 
tends to draw it downwards, and thus to change the planes of rota- 
tion of all its parts. If you will take a wheel, and incline its axis, 
yon will see that the struggle to resist this change will move the 
wheel forward, and will thus give to it a revolution around an 
imaginary vertical axis. Even in this revolution the planes of 
rotation are constantly changed, but the change is the less the 
more nearly the axis of the top coincides with the imaginary 
vertical axis about which it is revolving ; hence it is subjected to 
a constant tendency to assume an upright position, and tiie more 
rapid its rotation, the stronger is this tendency. 

"The resistance offered by a rotating wheel or disk to any 

change in the plane of its rotation is worthy of consideration in 

many applications of mechanism. This resistance tends to make 

• fly-whe^l KUnto^e, and, consequently, to so wear its bearings 

*> Correct tmy^ght error in its original hanging. It increases 

!^^>i8tance of locomotive and car wheela to thd ehon^ in the 
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direction of their motion in passing round a curve. It precludes 
the emplo3rment of Avery^s engine for driving locomotives, and 
suggests that, if his engine should be used for this purpose, it 
should be run on a vertical, instead of horizontal, axis." 

WOBKING STEAM EXPANSIYELT. 

The .following is a letter from Prof. Rankine, of Glasgow, to 
the editor of the ** Scientific American," in 1866 : — 

'* The circumstances under which steam undergoes expansion 
may be classed under five heads : 1. When the steam expands 
-without performing work. 2. When it expands and performs 
Avork, the temperature being maintained constant by a supply of 
heat from without. 3. When it expands and performs work, - 
being supplied from without with just enough of heat to prevent 
any uquefaction of the steam, so that it is kept exactly at the sat- 
uration point. 4. When it expands and performs work in a non- 
conducting cylinder. 6. When it expands and performs work in 
a conducting cylinder, not supplied with heat from without. 

** 1. When steam expands without performing work ^as in rush- 
ing out of a safety-valve, or through a throttle-valve), it becomes 
superheated, as is well known; the temperature falling very 
slightly in comparison with the boiling-point corresponding to 
the diminished pressure. The precise rate at which the temper- 
ature falls is not yet known ; but it will probably be soon ascer- 
tained through some experiments by Prof. Thomson and Mr. 
Joule. 

•*2. When steam expands and performs work, the temperature 
being maintained constant by supplying heat through the cylin- 
der, the law of expansion at first deviates from Marriotte's law by 
the pressure falling less rapidly than the density ; but, as the ex- 
pansion goes on, the law approaches more nearly to that of Mar- 
riotte, as recent experiments by Messrs. Fairbairn and Tate have 
shown. 

*• 3. When the steam expands and performs work, being main- 
tained exactly at the temperature of saturation, the law of expan- 
sion, as you observe, is perfectly definite. In the treatise to which 
you have referred, I have shown what it is ; and also that it is ex- 
pressed, nearly enough for practical purposes, by taking the press- 
ure as being proportional to the seventeenth power of the six- 
teenth root of the density ; a function very easily calculated by 
means of a table of squares and square roots. In many actual 
steam-engines, the ckcumstances of this case are practically 
realized, as is shown by the agreement of their performance with 
the results of calculation. 

•* 4. When steam expands and performs work in a non-con- 
ductino^ cylinder, it was shown by Prof. ClausiuS and myself, in 
1850, that the lowering of the temperature, through the disappear- 
ance of heat in performing work, goes on more rapidly than the 
fall of the boiling-point corresponding to the pressure, so that 
part of the steam is liquefied, Thia^ reaiodt. "9^ ^\;& ^^^^^Yvsc^^^v^si^ 
YeriQed by Mr. G. A. Hirn, of Mulhoxi&e, a ie^ NCi^^^ ^SXfcv^'a^t^ 
16* 
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(see his " Treatise on the Mechanical Theovy of Heat^. The 
mathomatical law of the expansion in this case can be siren with 
perfect precision ; but its circumstances are not aocurateTy realized 
in practice, because the cylinder is always nutde of a xapidly-ocMi- 
ducting matcnal. 

** 6. When the steam expands and performs work in a condnct- 
ine cylinder, which receives no supply of heat from without, but 
is left to undergo a great alternate rise and fall of temperature 
through its alternate connection with the boiler and the oon- 
donser, the law of expansion becomes very variable* and the 
problem of determining it extremely complex. It is certain, how- 
ever, that a great waste of heat occurs in every case of this Idncl, 
as Mr. Isherwood^s experiments have shown. In a paper read 
to the Institution of Engineers in Scotland, about two years ago, 
I discussed some of Mr. Isherwood^s earlier eneriments, and 
showed that they gave proof of a waste of heat increasing with 
the fall of temperature due to the expansion of the steam, with 
tiie extent of conducting surface of the cylinder, and witii the 
duration of the contact between the hot boiler steam and that 
conducting surface.** 

NEW DETECTOR OF FDEtE-DAlIP. 

Mr. G. F. Ansell, of the Royal Mint, has proposed a novel 
application of Professor Graham^s law of gas diffusion for the p1I^ 
pose of ascertaining and giving warning of the presence of aoco- 
roulations of fire-damp in coal mines. The apparatus described 
by Mr. Ansell is a glass U tube, having one aperture closed with 
a plate of graphite, or equivalent porous diaphragm, and a few 
inches of mercury in the bend. If such an arrangement, ifiUed 
in the first instance with air, be placed under the influence of an 
atmosphere containing five per cent., or^ven less, of light carbn- 
retted hydrogen or marsh gas, the presence of such admixture 
will be instantly detected by the passage of the gas throuo^ the 
interstices of the graphite, and the consequent expansion m vol- 
ume of the gaseous contents in the tube ; tne column of mercury 
then rises in the opposite limb of the apparatus, and is made to 
record itself either by completing the circuit of a voltaic alarum, 
by deflecting a galvanometer needle, or, lastly, by the adaptation 
of the simpler mechanism of a wheel barometer. We understand 
that the invention has been patented by Mr. Ansell, and, inasmuch 
as it gives great promise of successful employment, the apparatus 
must be deemed well worthy of inmiediate txial. — Reader. 

CONTROLLING CLOCK. 

Mr. Lang, C.E., in a paper read before the Royal Scottish Soci- 
ety of Arts, proposes a new method of adjusting a clock to within 
a small ^'action of a second, which may perhaps be found useftil 
the case of a controlling clock, where it is important not to 
row the controlled clocks out of time. It consists essentially in 
ryUig the virtual length of the peudulam by a very small 
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amount for a known time, according to the quantity the clock is 
teat or slow. The suspending spring passes through a fine slit in 
a piece of steel, which is capable of being raised or lowered by a 
oam to a certain extent. An index in the axis of the cam, movmg 
over a dial, shows the extent to which the pendnlum has been 
shortened or lengthened. Suppose the clock to be thirteen-hun- 
dredths of a second fast ; the index is to be turned so as to point 
to the word lonng on the dial, and allowed to remain there for 
five minutes twelve seconds, in the example given by Mr. Lang. 
At the end of this time it must be turned back so that the index 
points to mean raU* Bj this operation the dock is put back to 
true time. 

DEPTHS OF THE SEA. 

A French journal savs that the soundings for the new trans- 
Atlantio cable have enabled comparisons to be made of the depths 
€^ the different seas. Generally speaking, they are not of any 
ffreat depth in the neighborhood of continents. Thus, the Baltic, 
between Germany and Sweden, is only 120 feet deep ; and Uie 
Adriatic, between Venice and Trieste, 130 feet. The greatest 
depth of the channel between France and England does not ex- 
ceed 300 feet, while to the southwest of Ireland, where the sea is 
open, the depth is more than 2,000 feet. The seas to the south of 
£urope are much deeper than those in the interior. In the nar- 
rowest part of the Straits of Gibraltar the depth is only 1,000 feet, 
while a little more to the east it is 3,000 feet. On the coast of 
Spain the depth is nearly 6,000 feet. At 250 miles south of Nan* 
tucket (south of Cape Cod), no bottom was found at 7,000 feet. 
The greatest depths of all are to be met with in the Southern 
Ocean. To the west of the Cape of GU)od Hope, 16,000 feet have 
been measured, and to the west of St. Helena, 27,000. Dr. Young^ 
estimates the average depth of the Atlantic at 25.000 feet, and c? 
the Padfic at 20,000. ^ 

rKACTUBINO GAST-IBON WITH WATEB. 

Advantage has recently been taken of the non-compressibility 
of water, to effect the reduction of large masses of cast-iron in 
France. • The method, which is simple and ingenious, consists in 
drilling a hole in the mass for about one-third of its thickness, and 
filling the hole with water ; then closing it with a steel plug which 
fits very accurately, and letting the ram of a pile-dnver fall on 
the plug. The firs^ blow separates the cast-iron into two pieces. 



AMSDEN'S HTDBOSTATIC SCALE. 

The simple principle of this scale, viz., that a floating body 
sinks in water until it has displaced a quantity of water equal in 
weight to itself, is as old as Archimedes ; the scale o£Mt, Amsden 
therefore acts by the displacement of the water, and not bv 
hydnralio pressure. It cLums to supply the very ims^osUi^^Hi&p 
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enitiim of corructly asceitainiDi^, in a minnte or less, the end 
weigrht of vessels of all descriptions, with their cargoes, it all 
times when at rest in the water, whether salt or fired. It indi- 
c:it«*s not onlv any diminution or addition to the cai^, thus pre- 
T<^ntin|^ frauds in transportation, but also reveals at a glance the 
condition of the vessel as to leakage on the voyage, thns eoa- 
tributing, by an '* alarm ^* easilv adapted, to the safety of psasen- 
gers, and the preservation of fireight. It is of great Value in 
clii'apenin^ freight, increasing accuracy of measurement, and 
avoioing damage to boats bv the rackmg in the old-fashioned 
wcigh-locks, the last item being often a quarter of the wortii of 
the cargo. 

KESISTANCE OF WATER TO FLOATINO AND Tlfflffieit-QTCn BODIES. 

At the Nottingham meetinor of the British Association, Prof. 
Rankine read the report of tae committee appointed to make 
experiments on this subject, giving the results of two handred 
and twenty experiments. The committee have deferred for the 
present deducing any general laws of resistance ; but he stated 
that the results of the experiments led to the following general 
conclusions : 1. That, agreeably to what was previously mown of 
the behavior of small bodies at low speeds, the resistance in- 
creased on the whole somewhat more slowly than as the sqnare 
of the velocity. 2. That, when the velocil^ went beyond the 
maximum velocity suited to the length of tne model, as ascer- 
tained by Mr. Scott RusselPs well-known rules, the resistance 
showed a tendency to increase at a more rapid rate. 3. In all 
cases the resistance seemed to be much more nearly proportion- 
ate to the main girth than to the midship section. 

Mr. Bailey and Admiral Belcher having^ spoken with disap- 
proval of holloi^ lines or wave-lines at the bows of sea-going 
vessels, Prof. Rankine pointed out, that the wave-line theory con- 
sisted of two branches, one relating to the form of the bows, the 
other to the relation between the length of the vessel and the 
speed at which she was to be propelled through the water. He 
Old not attach much weight to the hollow bow, but thought that 
much was to be said in favor of the theory that iJie length should 
have a certain relation to the speed. 

NON-BECOIL GUN. 

Mr. G. P. Harding has recently experimented on a mn. on a 
principle so new, that, if his expectations are fulfilled, the manu- 
facture of fire-arms vrill be revolutionized. His gun is a simple 
cylindrical tube, without any breech. The shot is placed at the 
centre, the charge behind it confined by a wad, and a second wad 
is introduced at such a distance as to leave an air-space behind 
the charge. The extraordinary fact devoloped by Mr. Harding's 

'*>eriments is this : That, although the gun is equally open in 
1 directions, almost the whole force of the explosion takes 
ot on the shot, which attains the same velocity as If fired from 



' NATURAI. PHILOSOPHT. 177 

an ordinary gun, and is followed by the gases generated in the 
ffun, a very small part only escaping at the breech. Mr. Har- 
oin^^s theory of the action of his gun is this : That compression 
of me air in the air-space behind the charge occupies an appre- 
ciable time, during which the force of the explosion has been 
communicated to the shot, fint it is obvious that his results, if . 
confiimed, will require a new examination of the action of pow- 
der in close chambers, our present knowledge being insufficient 
for their adequate explanation. In the meantime Mr. Harding 
has made several hundred experiments, which are certainly inter- 
esdi^ and probablv important. Of course, in such a gun, t^ere 
18 no recoil; and hence the name he has given it. — Foptdar 
Science Beview, July, 1866. 

PBODTTOnON OF ICE CYLINDERS BY PBESSUBE THBOUGH 

ORIFICES. 

The experiments of M. Fresca were made by acting on ice con- 
tained in a cylinder 0.16 metre (about 6 inches) in diameter, with 
the pressure necessary to drive it through a centi'al opening in its 
base 0.05 metre (nearly 2 inches in diameter). The plates, pre- 
pared in Tvndall^s method, in some cases colored at the joints, 
acted like plates of lead or of porcelain paste, as before explained 
by the author to the French Academv. The surfaces of the 
planes of division or joints, originally dat,were transformed into 
tubes concentiic and perfectly distinct from each other, thus indi- 
csatin^ the movement of each point of the mass during the change. 
The ice cylinders were longitudinally furrowed, the furrows 
appearing to proceed from fractures produced at the moment 
when a portion of the cylindrical block leaves the orifice, and 
when, consecjuently, it ceases to be subjected to pressure at the 
outer extremity. The evenly bedded structure of the cylinder of 
ice shows that ttte origin of these fractures is subsequent to the 
formation of the cylinder. For a block of the dimensions above 
given, the pressure required for the flow of the ice is 10,000 kilo- 
grammes, one-fifth of that required for lead ; this pressure cor- 
responds for the square centimetre to 126 kilogrammes, or to a 
column of water 1,300 metres high. 

The phenomena attending the formation of these ice cylinders 
seem to throw light on the question of the movement of glaciers. 
The relative displacement of the layers of ice in the process, the 
change of form in the flat faces, the curved form of the beds at 
the end of each partial tube, the large cavities formed toward 
these ends, and the fissures or fractures at the moment of escape 
fi*om the pressure, are so many points of resemblance to the 
phenomena of glaciers. Though there is not the mass of material 
formine moraines, the traces of coloring matter, deposited in 
paralleT threads and reunited toward the axis» complete the 
analogy. — Lea Mandes, Feb., 1865. 
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EXFAKSIOK or IGX. 



I 



The Bey. Frederic Gardiner oontributed a paper to the ** Amov 
ican Journal of Science,^^ vol. 40, 1865, on the formatioiiof icein 
the Kennebec River, in the town of Gardiner, Me., in Febnuuy 
and March, 1865, The river here is about 700 feet wide; the 
water is entirely frosh for many miles below, and the average ebb 
and flow of the tide is 6 feet ; the depth of the water varies, ac- 
cording to the locality and the state of the tide, from 17 to 25 feet 
In the course of the winter the ice is always observed to crowd 
ashore, crumpling up in ridges on the flats and near the edge of 
the channel. This process was well advanced when his observ»- 
tions were begun, Feb. 6. A row of stakes was planted in tiie 
ice, by boring holes through to the water, at distances of about 
100 feet apart, avoiding a very near approach to tke shore. The 
distance between the eastern and western stakes was 500 feet. 
March 18, the easternmost stake had advanced to the eastward 
121 inches ; a stake 200 feet west of this had tiot sensibly changed 
its position ; the westernmost stake had moved to the westward 
12^ feet. There was thus a total expansion of the ice of IS feet 
21 inches in a breadth of 500 feet, -^ 2.646 per cent., nearly, in 40 
days. Of course this motion is entirely independent of the action 
of gravitv, and is possibly due to variations in the temperature of 
the air, that of the water having been nearlv constant. The tem- 
perature observed at his house, 120 feet from the river, was as 
follows : From Feb. 6 to 28 inclusive, mean temperature 22.37® 
Fahr. ; mean of extreme heat each day 32^ ; mean of exfreme 
cold 12.74°; extreme heat 45°; extreme cold 17°. March 1 to 
18 inclusive, mean temperature 33.138°; mean of extreme heat 
41.33° ; of extreme cold 24.944° ; extreme heat 50° ; extreme cold 
7°. These temperatures are each that of the shade. His observa- 
tions show that the ice expands witliout reference to the tempera- 
ture of the water, and that the temperature of the ice itself varies 
considerably, its changes having little reference to ^e water be- 
low. It also appeal's that the rays of the sun at these depths are 
absorbed largely by an enclosed object, even of a light cofor. In 
the uniform temperature of the water, at various depths, there is 
evidence thai the sudden disintegration of the ice, and its disap- 
pearance, is not in this instance due to the action of the water. 
This occurs constantly on the large ponds in the neighborhood, 
but rarely on the river. It never takes place until the ••snow 
ice ^ is entirely melted, and is believed to be due to the action of 
the sun. 

AFBICAN TELEGRAPH. 

It has been stated in a report to the British Association, that the 

ncOTo had never shown ingenuity enough to invent letters, sym- 

bofio or phonetic. That this is untrue is shown by the •• £lliem- 

bic*^ or African telegraph, an instrument which has been in exist- 

■xoe for time immemorial to the oldest inhabitant in the Came- 

ons counti'y , on the west coast of Africa. By the sounds produced 

Btnking this instrument, the natives cavry on conversation with 
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^reat rapidly, and at sereral miles distance. The sounds are 
made to prodnot a perfect and distinct language, as intelligible to 
the natives as that uttered by the hnman voice. The instrument 
is in universal practice about the Cameroons, and up in the inte- 
rior, in the Abo and Budi countries, a part of Central Africa not 
yet visited by Europeans. *' In visiting this part of Africa in 1859, 
my coming was generally announced beforehand to the different 
villages by the * Elliembic.^ I questioned some of the oldest in- ^ 
habitants as to the inventor ; but none of them could teU me further ' 
than that they supposed ' it must have been some of their great- 
grandfathers.^ This * Elliemblc,^ therefore (which is a most in- 
^nious invention^ must have been in existence in Africa before 
telegraphs were areamed of in England.^ — Mb, Ikkes, in Ath^^ 
noBum, October^ 1865. 

ACOUSTIC PHENOMENA, 

Prof. iPage, of Washington, to whom we are indebted for the 
curious observations that a bar, when magnetized, emits a musi- 
cal sound, has recently published a paper on the cause of the 
unpleasant jingle sometimes heard in pianofortes and other 
stringed musical instruments. It frequently happens that an in- 
strument is partly taken to pieces, and searched for some loose 
screw or fragment of foreign matter which may have fallen on 
the wires, but without success. Prof. Page shows, however, 
that, in most cases, the noise is not in the instrument at all, but 
is really due to the sympathetic vibrations of some object in the 
apartment, — often a loose pane of glass. He gives an account 
of a piano, two notes of which had an intolerable jingle. '* The 
room was very small, and while I continued to strike one of these 
notes, Mr. W. went about the room touching everything with his 
finger, and at last he touched a pane of glass in the window near 
the piano, and the jingling ceased at once. On removing his 
finger it recommenced. On applying the finger-nail very deli- 
cately to the pane, it was found to vibrate, and on approaching 
the ear it was heard distinctly to give out the precise sound of the 
note on the piano.^* The pane was wedged up, and search made 
for the confederate of the other jingling note, which was found 
to be a loose pane in another window. It often happens that the 
jingle is transferred to different notes without any apparent cause. 
This is explained by variations in the tension of the objects in the 
apartment, caused either by a difference in the temperature, or an 
alteration in the arrangement of the furniture. This explanation 
of a very common and very irritating phenomenon appears to us 
to be extremely ingenious. It may be objected, that the sound 
cannot come from anywhere else but from the piano ; but the ear 
is remarkably defective in the power of judging of the origin and 
direction of sounds, as is shown-by the extraordinary effects pro- 
duced by a clever ventriloquist. 

Sondhauss (**Pogg. Ann.,^ March, 1865) details some experi- 
ments on the sounds produced by water flowing through orifices 
in plates cemented at the bottom of upright tubes, in order to 
compare the resulting musical tones with th.Q%^ ^^tcAxtf^^V^ ^ 
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blast of air under the same circninstanoes. He found* if the plate 
was thick Id proportion to the diameter of the onfice, no tone 
could be heard. With small orifices in thin plates* air would 
produce no sound, while water flowing tiiroo^h the same orifioe 
produced a distinct note. Another difference oetween the musi- 
cal capabilities of air and water was, that, by increased pressure, 
air would produce several successive harmonic tones, while with 
water the quality only of the tone changed. Ue found, as Saviit 
had previously, that the sound depended on the tube as well as 
the orifice. Sondhauss believes that a musical sonnd can be 
produced by filling the mouth with water, and squirting it oat 
tlirough a small opening between the lips ; but he could not as- 
certain if any one had ever successfully practiced this desirable 
accomplishment. He states, in conclusion, that, from the readi- 
ness with which sounds are produced by liquids, there is great 
probability that the depths of the sea are not tihe silent abodes 
which we usually suppose. The fish, by squirting out or suddng 
in water through orifices in their mouths or in their opercola, 
might readily produce great varieties of tones. The genera 
Cottus and Trigla, which are known to produce sounSs, are 
probably by no means the only vocal fish ; and, in fact* the saying, 
" Mute as a fish," should be discarded from the company of un- 
impeachably true proverbs. — Beader, 

FOCM3I6NAL. 

A novel fog-signal has recently been erected on the island of 
Ushant, near Brest, for the purpose of warning sailors of the 
proximity of the land during foggy weather. The apparatus 
consists of a large trumpet fixed vertically on a reservoir of com- 

?ressed air, supplied by a blowing engine worked by two horses, 
'he bell of the trumpet is bent at right angles, and can be moved 
horizontally through an angle of 1^^, so as to throw the sound 
in any direction. Communication may be made with the reser- 
voir by means of a stop-cock, so that a continuous or intermittent 
sound may be produced at pleasure. The sound is so powerfol 
that it may be heard at a distance of three or four nautical miles. 
It is stated that the authorities intend placing these trumpets on 
several of the most dangerous parts of the French coast. 

KATUBE OF SOUND. 

At tiie meeting of the National Academy of Sciences, in 1866, 
Prof. Henry gave an interesting paper on some recent experi- 
ments with fog-bells. The board of officers, which has charge of 
the lightiiouse svstem, consists of six persons, three of whom are 
members of this academy. Before the war, they met once a 
month ; but for the last five years they had met every Saturday, 
to oondder various questions of management. They liad recentlv 
been trying fog-signals at New Haven. A steam-gong, which 
consisted of two whistles, from fourteen to twentv inches in 
length, and one foot across, set mouth to mouth, blown fay a 
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Bteam-^neine, had been heard lihirty miles. He went to PtotI* 
dence to hear it ; and other experiments were tried with trumpets 
and whistles. Sound was sent with the wind, against tiie wind, 
and at right angles with it. Strange to say, it was heard farthest 
at right angles. Prof. Henry would have been almost afraid to 
report this last conclusion, but that he afterwards found it had 
been observed in 1813. These instruments were blown with a 
definite amount of power and a definite amount of air. The 
problem was to get most sound with least expenditure of power 
and air. A trampet blown by a Roper engine was finally adopted. 
It seemed probable now that sound was not a mere transfer of 
vibrations. The body remains at rest, the waves pass by, but a 
positive effect of some kind seems to be produced. Prof. Henry 
tried further experiments as to the relative intensity and exten- 
sion of sound. He strained a delicate test-paper over the mouth- 
piece of a horn, which received the vibrations at the broad end, 
and on this he scattered fine sand. It became a test of extreme 
delicacy. ' A change of distance as small as a single inch fre- 
quently indicated that vibration had wholly ceased. What be- 
comes of the old theory of the propagation of waves of motion or 
sound if this experiment be conclusive ? Prof. Frazer asked if 
any experiment had been tried on the comparative worth of 
sounds of a different pitch. A steam-whistle not having been 
heard in Holland, another was added, the pitch being two octaves 
and a half apart. No Holland ear could bear the sound ! Prof. 
Henry replied that the steam-gong was constructed in reference 
to that. The best effect was produced by differences of one-fifth 
and one-tenth. The thickness of the metal seemed to make no 
difference. Each whistle was only a resounding cavity. 

ISTEW ACOUSTICAL APPARATUS. 

M. Koeniff has recently issued a catalogue of acoustic appara^ 
tus, in which are figured and described many new instruments 
that will be highly prized by the lovers of experimental science. 

In the first place mav be noticed — 

Biess* Telephone, — This is an apparatus for the transmission of 
sound by means of electricity. A light platinum point rests upon 
a stretched membrane, which, when vibrating, causes the platinum 
nipple to make and break contact with an adjacent metal band, 
through which the intermittent current is transmitted to the dis- 
tant station. There it passes round a bar of soft iron, which, 
bein^ ramdly magnetized and demagnetized, emits a continuous 
sound. Thus, a person speaking in I^dinburgfa can, without any 
other effort, produce a sound in London. 

Seebeck's Syren. — This instrument consists of nine circular 
metal plates, pierced with holes systematically arranged. By 
means of poweiful clockwork, the disks can be turned, while 
their velocity of rotation, which can be varied at pleasure, is 
recorded in the usual manner. The current of air from a bellows 
is distributed at will, with ^eater or less intensity, through twelve 
pipes, whidi can be fixed m any position before thft tnxviivc^ <^ 

16 
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Thn difr(*rcnt disks are intended to represent different aconstical 
phcnomona, as interference, beats, the harmonics, etc. 

Ainon<^ the instruments is a complete apparatus for resonanoe. 
This consiots in a series of nineteen noUow copper globes, 
arr:ina^(*d according to certain notes. Each of the globes is for- 
nishod with two openings, one of which establishes a conmianici- 
tion with the air, whilst the other is connected with a little tube 
to be pl:ice(l in the ear. If any of the harmonics accompanyiDg 
the fundamental sound contain the proper notet a powerful res- 
unancci is hoard. 

Especially worthy of notice is a large apparatus for the artificial 
ooHii)ositic)ii of difl^reiit kinds of sound, by the simultaneous pro- 
duction of a scries of simple notes. Eight tnning-forks are ftsed 
vertically between tlie arms of eight horizontal electro-magnets, 
round which passes an Intermittent current. The interruption in 
th(; current is produced by a fork making a certain nnmber of vi- 
brations between the poles of an electro-ma^et. In front of each 
tuniiig-i\>rk is a resonant tube, the opening into which can be more 
or less closed by means of a movable stop. When the opening 
is entirely closed, the tuning-forks can be scarcely heard; bnt 
any desired note can be obtained by withdrawing the key which 
closes the resonant box. 

Singing Flames. — There is a pretty modification of one of 
Count Schaifgotsch^s experiments on singing flames. Two little 
jcte of gas issue from two tapering bumei's. Over the flames are 
placed two glass tubes nearly in unison. When the flames begin 
to sing, beats are heard corresponding to the vibratory movement 
of the llames ; a phenomenon first explained by Professor Tyn- 
dall, in the ** Philosophical Magazine," for July, 1857. So wr, 
the experiment is old ; but now M. Koenig causes one of the 
burn(;rs to be rapidly rotated along with a revolving mirror. The 
broken luminous circle given by the singing flame when unmoved 
i4t when it rotates, changed into a discontinuous crown of light, 
which appears to bo formed of luminous pearls as soon as the 
flame in the other tube is made to vibrate. By another arrange- 
m(;nt, the flames can be made to take the appearance of a double 
spiral. 

Phonautograph, — Hitherto we have mainly trusted to the ear 
to inform us of the existence of vibrations. M. Koenig now 
details apparatus by which observations can be made without the 
use of that organ. 

For this purpose, by far the most important instrument is the 
phonautograph, which writes in the form of a curve not only in- 
strumental notes, but also some of the simpler vocal sounds. 
Experiments on the phonautograph have recently been made by 
Mr. Dondei's, who has sent a preliminary note on the subject to 
••■PoggendoriTs Annalen," from which we have obtained the fol- 
lowing particulars: The instrument, as used by Mr. Donders, 
consists in a delicate stretched membrane, to which is attached a 
^^ht weight, and of a pen for writing the motions of this mem- 

"ane. The pen emplo3ed consists of several elastic tongues 

wringing from a bent holder, and ao foL^A. VVaX. \kikA t^^^th of the 
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pen rest on the sorfaoe of a blackened cylinder which oan be 
caused to rotate. Among other results, Mr. Donders found that, 
when a simple note was sounded, a simple sinuosity was traced 
on the rotating cylinder. The form of the curve varies vnth the 
pitch of the voice. 

A treble voice gives for the same note and the same vowel a 
simpler curve than a bass voice. The three " sounding^ conso- 
nants produced almost as simple curves as the vowels, differing 
slightly, however, from them. Many consonants, which preceded 
or followed a vowel, produced a characteristic modification at the 
beginning or at the end of the curve ^ven by the vowel. M. 
Koenig has also been able to obtain writin|p of the human voice 
with his phonautograph, and has traced with correct differences 
the four notes, ut, f»», sol^ ut ; finally, M. Eoenig has succeeded 
in recording an air, composed on eight notes of uie gamut. 

After this there is a most elegant apparatus for comparing the 
Tibrations of two sounding columns of air by means of gas flames. 
This does for organ-pipes what Lissajous^ experiments did for 
tuning-forks ; the composition of vibrations in both cases are now 
rendered visible. Two jets of gas, placed over each other, are 
made to communicate by brancn tubes with the nodal points of 
two orga&-pipes. In front is a turning mirror in which the gas- 
jets can be viewed. When the two organ-pipes are in perfect 
unison, the flames appear in the rotating mirror no longer as two 
parallel series vertically superposed, but are seen to alternate 
with each other. If the pipes are arranged so as to give beats, 
the images of the two series will be sometimes superposed and 
sometimes alternating. K two pipes be taken which sound u1« 
and sols, in the mirror two images of one series are seen to cor- 
respond with three of the other. By simple arrangements the 
effects can be varied in a most instructive manner. 

In another appai'atus, somewhat similar in principle, the quality 
of a sound can be visibly separated into its elementary notes by 
means of ^as flames. Ten resonant spheres are fixea one over 
the other, in a series gradually diminishing in size. Each com- 
municates by a tube with a box, which forms a pressure case, and 
from which spring ten jets of gas, also placed in a line one over 
the other. A revolving mirror parallel to this line shows which 
flames are put in vibration by the resonant globes ; the flames in 
communication with the spheres in which mere is no resonance 
appearing simply as a line of light. 

An apparatus for the study of the simple and composite vibra- 
tory movement in cords was suggested by M. Melde, in **Pog- 
fendorff's Annalen." This, as made by M. Koenig, is as follows : 
. cord is stretched between two tuning-forks, which are fixed 
upon an upright suppoi-t. When the forks are caused to vibrate, 
the cord will be observed to show the co-existence of the harmon- 
ics with the fundamental note, or the co-existence of two harmon- 
ics. The beats can also be shown, either with the fundamenal 
note or with one of its harmonics. By simply varying the tension 
of the cord, and using different tuning-forks, an immense number 
of vibratory forms can be produced at plea&vxYQ, >N^^\\aAS5v'"^"' 
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eating apparatus, other iliiiple ezpeiimenta can also be executed. 
— Reader. 

VALL or BAIir. 

The last weekly retam pf the Registrar-General ^ves the fol- 
lowing interesting information in respect to rain-fall: " Rain fell 
in London to the amount of 0.43 incn, whidi is equivalent to 43 
tons of rain per acre. An English acre consists of 6,272,640 
square inches ; and an inch deep of rain on an acre yields 6,272,640 
cubic inches of water, which, at 277,274 cubic inches to the gallon, 
makes 22,622.5 gallons f and as a gallon of distilled water weighs 
10 lbs., the rain-fall on an acre is 226,225 lbs. aToirdupois ; con- 
sequently an inch deep of rain weighs 100.99 tons, or nearly 101 
tons per acre. For every 100th of an inch, a ton of water falls per 
acre.^* If any agriculturist were to try the experiment of ois- 
tributing artinciidly that which nature so bountifully supplies, he 
would soon feel inclined to ** rest and be thankful.^ 

M. Petit, the director of the Observatory at Toulouse, speaking 
of the late heavy rains, says : *' The quantity is not so unusual as 
at first sight would appear. The average annual fall is lUiMUt 60 
centimetres, rather more than 2 feet English, spread over about 
100 rainy days, thus giving an average fall of abK>ut 6 millimetres 
for each day, or about 6 litres, 10 to 11 pints English, per square 
metre. The average of the heavy rains of the Idtli, 16th, and 
17th of January, in the present year, rose to about 9 millimetres. 
Greater falls have often occuiTed in France. On the 19th of 
September, 1844, 95 millimetres of rain fell at Toulouse in 30 
minutes ; and on the 10th of August, 1859, there fell 59 ndlli- 
metres in two successive storms of about 40 minutes each in dura- 
tion. In recalling the impression of terror created by the sight 
of a precipice, one is inclined to ask how it is that we are not 
terrified at such enormous quantities of water being suspended 
over our heads. But the question appears under a still more 
extraordinary aspect, when we consider the amount of heat re- 
quired to vaporize all the water which we receive in the form of 
rain. When we remember that in the tropics there fall about 2 
metres of water per annum, tliat in our dimate we have never 
less than 50 or 60 centimetres, and that the masses of snow in 
the polar regions must also furnish a great quantity of water, it 
will be readily admitted that the annual rain-fall must be, at 
least, equal to a stratum of water all over the globe of 50 centi- 
metres, upwards of 19i inches English. It is easy, with these 
facts given, to see that the evaporation caused by the heat of the 
sun must render to the atmosphere about 175,000,000,000 cubic 
metres of water per day, or rather more than 2,000,000,000 of 
litres a second. And yet the furnace is 38 millions of leagues 
distant firom us.*' — Jounud of the 8oc. of Arts, Nos., 639, 640, 1865. 
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Berthelot, in a memoir on a new kind of isomerism, pioposes 
the following subdivision of this subject : Isomeric bodies — that 
is to say, bodies formed of the same elements united in the same 
propoition— can be separated into a certain number of classes or 
general groups : — 

1. Equivalent composition, — Substances which appear to have a 
purely accidental relation to each other; for instance, butyric 
acid, Cs Hg O4, and dialdehyde (C4 11402)8. 

2. Metamerism. — Bodies formed by the union of two distinct 
principles, so that in their formulsB a kind of compensation is 
established; for example, methylacetic ether, Cs Hs(C4Q4 04), 
and etliylformic ether, C4 H4 (Cj H2 O4). 

3. Polymerism. — Compounds arising from the union of several 
molecules to form one; this is shown in the case of amylene 
(Cio Hio) and diamylene (Cio Hio)j. 

4. Isomerism, properly so caUed, — There are bodies that, differ- 
ing in their properties, retain these distinctive features in their 
passage through certain compounds, the properties of which 
result from the internal structure of the compound molecule 
taken as a whole, rather than the diversity of the components 
which have produced it. This is observed in the cases of essence 
of terebenthine and citron, the sugars, the symmetrical tartaric 
acids, and tlie two classes of ethyl-sulphates. 

5. Physical Isomerism, — By which is meant the different states 
of one and the same body, the diverse nature of which vanishes 
when the substance enters into combination. To these five 
classes, Berthelot proposes to append a new one, called keno- 
merism, distinct from all the others, though allied to 
metamerism. 

6. Kenomerism, — Two different compounds may lose, by the 
effect of certain reagents which bring about decomposition, dif- 
ferent groups of elements, and the remainders be identical in 
composition ; these two derivatives, however, may yet be distinct 
the one from the other, both in physical and chemical properties. 
They retain to some extent the structure of the compounds from 
which they take their origin. To take examples : alcohol, by los- 
ing 2 equivalents of hydrogen, is turned into aldehyde : — 

C4 Hf O2 — 112 = C4 114 O2. 
Glycol, on the other hand, by giving up 2 equivalents of water 
is converted into glycolic ether (oxide of ethylene) : — 

C4 H(j O4 -^ H2 O2 = C4 H4 O2. 
Glycolic ether and aldehyde are isomeric \ tk^Vi c^xcl'qc]^ 

16* \%^ 
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the same, bat their properties, both physical and chemical, are 
cxtromely diflftTimt. This is a good case of kenomerism. A^iain, 
esHonco of terelxmthine combines with hydrochloric acid under 
difTf'rmt conditions to form two distinct hydrochlorates, the 
monohvdroclilorutc, Cio IIi« II CI, and tlio dihyodrochlorate, Cs 
IIm 2 II CI. Fn>m the first body the crystalline compound O Hu. 
caniphtmo, is obtained, and from the latter C» Hit, terpilene two 
hydrocarbons of very different properties. — Beader, 

MECHANICAL KNEBGT OF CHEKICAIi ACITOKS. 

A raggestive paper, by Dr. Van der Kolk, on the mechanical 
energy of chemical actions, appeared in " Pog^gendorff^s Anna- 
len^ some time since. Mr. Foster gives a translation of this 
pancr, adding some critical notes in the April namber of the 
*' Pliilosophic^ Magazine.*" Dr. Van der Kolk endeavors to show 
that there is a connection between the experiments of Deville on 
dissociation, an<l those of Favre and Silbermann on evolution, 
and, in a few cases, absorption, of heat by chemical combination. 
Starting from the point that every substance raised to a certain 
temperature above zero has received a given amount of heat, or, 
as termed by Thomson, contains a definite quantity of energy, 
the author proceeds to examine the different cases presented in 
chemical union, when the bod^, after combination, possesses 
cither more or less eners:y than its constituents. He thus arrives 
at the following law: Bodies which evolve heat* when decom- 
posed by elevation of temperature, are not reproduced by subse- 
quent cooling. Interesting examples confirming this law are 
a noted from Favre and Silbcrmann^s results, from which a second 
leorem is established, namely, that when a body on heating 
passes from one condition to another with evolution of heat, it 
does not return to its first condition upon subsequent cooling; 
plastic sulphur, barley-sugar, phosphorus, etc., follow this law. 
The converse to this theorem, though not proved, yet is shown to 
be frequently confirmed. From these laws it is stated that, in 
order to produce a chemical compound, not only must there be 
the chemical force or affinity sufficient for combination, but tliere 
must also exist the necessary energy. To Ulustrate this, exam- 
ples are adduced of phenomena which have hitherto stood as 
enigmas in chemical science. Thus the electric spark, it is known, 
can cause the combination of an unlimited quantity of some gases, 
as, e. g.f oxygen and hydrogen, whilst other gaseons mixtures 
can only be gradually combined along the path of the spark itself, 
as, e. g.t nitrogen and oxygen. In the first case, the energy of 
the constituents exceeds that of the compound ; combination of 
tiie mass therefore occurs as soon as the power of aflinity is in- 
creased by the spark ; the union of a few atoms of hydrogen and 
oxygen developmg sufficient heat to cause others to combine, and 
thus of the rest. In the second case, however, as the energy of 
the constituents is less than that of the compound, the electric 
spark has not only to increase the affinity, but at the same tune to 
add the needful energy. Keiice, «« iio heat is evolved by the 



GHBMIOAL SCIENCE. 187 

Tmion of a few atoms of nitrogen and oxygen, the combination 
<saimot extend throughout the mass, but occurs only a^iong the 
line of the spark, which, in this case, has to increase both affinity 
and energy. 

IS NTTBOGEN AN ELEHENTf 

Chemistry and astronomy at the present day seem to be twin 
sisters in science, as their independently obtained results remark- 
ably confirm each other in many recent instances. A late exam- 
ple of this is in reference to the constitution of nitrogen, and is 
afifbrded by Mr. Huggins* observations of the spectra of some of 
the nebulsB, taken in connection with obseirations of the nitrogen 
spectrum made in the laboratory of Mr. Waltenhofen. Both 
these observers have been led to the suspicion that nitrogen is 
not an elementary substance, but a compound of more simple 
forms of matter, — the former, by observing in the spectra of some 
c^ the nebulad some, but not all, of the lines of the nitrogen spec- 
trum, as if nitrogen were a compound body, and those nebulae 
contained, among the materials of which thev are composed, one 
of its constituents and not the other ; and the latter, by the dis- 
covery that, in a highly rarified nitrogen atmosphere the violet 
rays disappear before the blue and green rays. — Meckanicti* 
Magazine, Oct., 1865. 

Mir. Henry EJlgour, of Edinburgh, maintains that nitrogen is 
carbonic oxide in an allotropic state, having had its activity 
diminished hj heat, electricity, or some other force at present 
unknown, ms chief points are that carbonic oxide and mtrogen 
have exactly the same atomic weight and atomic volume, and 
very nearlv the same specific gravity and specific heat ; that both 
are neutral, and capable in only a very few instances of entering 
directly into combination with other bodies ; that neither of them 
has either color, taste, or odor, or can support combustion or 
respiration, or can combine witli adds to form salts, but that both 
can combine with oxygen to form acids. He draws many other 
equally striking paraUels, for which see Mechanics^ Magazine^ 
Nov., 1865. 

DISSOCIATION OF GASES AT HIGH TEMPERATUBES. 

Some interesting researches on this subject have recently been 
made by M. L. Cailletet, in developing the discovery of M. St. 
ClaireDeville, that at a high temperature the constituents con- 
tained in a mixture of gases will separate. As it is necessary to 
cool the dissociated elements rapidly, it was necessary to devise 
an apparatus suited to the purpose. By means of this apparatus 
some important facts were observed. Thus, that oxygen has no 
action whatever on hydrogen, carbon, or carbonic oxide, placed 
within a mass which is at a temperature higher than the melting 
point of platinum ; and the conclusion arrived at was, that aS 
bodies would most probably be dissociated by a temperature suf- 
ficiently high. — InteUectual Observer, 1866. 
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RilDcmox OF ALuxranrx bt zmc. 

The lar^e^ item of the cost of alaminimn has hitherto been 
that of the so<liuni u^ed in its reduction ; bat we are now told 
th:it >f, Bassot, of Paris, has succeeded in reducing it from tlie 
chloride hy means of the much cheaper metal, zinc. His plan b 
to fu.<M; chloride of aluminium with an excess of zinc, and he stites 
that the results are chloride of zinc and an alloy of sine and 
aluminium, from which all the zinc maj be driTen off by a white 
h«:at. If til is pnx^css l>e practicable on the lar^e scale, there wOI 
be no reas«»n why aluminium should not speedily become cheitp 
enougli for emplovm(;nt in the many mechanical applications for 
which it Ls so affmirably fitted, instead of being confined, as at 
present, to ornamental uses only. — Meek, Mag., Jian,, 1865. 

INGREDIENTS OF ATMOSPHERIC AIS. 

H. Rcinsch stretched eighteen square feet of carefully waahed 
linen cloth upon i)<>Ie8, so as to form a sort of roof. Over one BOck 
roof he allowed very dilute hydrochloric acid to trickle for foa^ 
teen days, and over another a one-pcr-cent. soda solution for Ae 
same time. The collected liquors were then eTaporated and ex- 
amined. The acid liquor was first distilled. A beautiful violefe' 
colored (an aniline ?) compound passed over first, then sal ammo- 
niac, and, last, some pyrogenous products arising from the oiganie 
sub.stan(!(;s absorbed bv the acid. The residue was then com- 
pletely carbonized, and the ash examined. It contained traces 
of metals precipitable by HjS (Pb, Sn, or Cu?). Tbe aqueous 
extract of the asn contained Na, considerable traces of Ca and K, 
and doubtful traces of Mg. The hydrochloric solution of the ash 
contained Ca, Fe, Mn, Al, and traces of SOs. Silica remained 
behind insoluble. In tlie collected soda liquor the author found 
much CI and COs, with decided traces of PO5 and SOs. There 
were also traces of Ca, and much organic matter, with Fe, Vtn, 
and SiO,.— j^. Jahrb. /. Fharm,, 24, 193. 

CRTSTALLOGENIC FORCE. 

According to M. Kuhlmann^s researches on the Crystallogenic 
Force,— on the artificial crystallization of mineral substances and of 
metals by humid means, — when crystals of carbonate of soda were 
placed in a solution of sulphate of copper, a layer of carbonate of 
copper was precipitated on them ; bv degrees the whole of the 
carbonate of soda changed into a solution of sulphate of soda, 
whilst the slowly-formed crystals of carbonate of copper produced 
artificial minerals, closely resembling azurite and malacnite. In 
the same way, crystals of carbonate of soda placed in a solution 
of sulphate of nickel formed blue and green carbonate of nickel 
and placed in a solution of nitrate of cobalt produced magnificent 
iiby-rcd crystals of carbonate of cobalt. The author states that 

e reduction of metals to the crystalline st^te can be produced 
the action of water and acids ; especially is this the case with 

oys, and he shows that a lead alloy can thus be crystallized. Sul- 

ifito of oopper placed m a eoVu^oiv ol i^\^*«.\i\'^A^ ^1 ^^csxauitoa 
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became covered ¥nth sulphide of copper, npon which were depos- 
ited fine rhombohedric crystals of sulphur. Gold has been pro- 
duced in the form of a beautiful crystaUine gold-sand, by placing 
^iloride of gold, contained in a porous vessel, in the midst of a 
solution either of sulphate of iron, hyposulphite of soda, or oxalic 
acid. M. Kuhlmann then mentions another remarkable result he 
obtained, hj placing crystals of sulphate of copper in a solution of 
monosiilphide of potassium, and concludes by showing that wood 
has a true deoxidizing effect upon the salts of copper and iron, 
transfoiTuing the sulphates into sulphides. 

SEDIMENTS OF WINES. 

M. Pasteur states that he has carefully examined these sedi- 
ments, and has found the^ can all be classed under three heads. 
The first are crystals of bitartrate of potash, neutral tartrate of 
soda, or a mixture of the two salts. These adhere to the sides of 
the bottles, and have but little influence upon the composition and 

aoality of the wine. The second kind, also covering the sides of 
lie bottles, are brown coloring matters, which, originally dissolved 
Im the wine, are gradually rendered insoluble by oxidation. This 
sediment, therefore, is caused by the presence of oxygen existing 
in Hie air which is over or dissolved in the wine. By several ex- 
periments upon different wines enclosed in tubes, the author proves 
this fact, and shows that the deposit takes place more rapidly when 
the tubes are exposed to the light. The wine becomes of a lighter 
color, and acquires the peculiar odor and flavor of old wines which 
have returned from a voyage. He attributes the ^ood effect of a 
tropical voyage upon wine, not, as has been recently supposed, to 
the increase of temperature, but to the continual changing of the 
vitiated air over the wine through variations in the pressure from 
constant shaking and evaporation. Accordingly, wmes hermeti- 
cally sealed in botUes without oxygen have no sediment ; indeed, 
do not sensibly change in any way. The tliyrd class of sediment, 
by far the most injurious, is composed of various cryptogamic 
vegetations, which, acting as ferments, are the sole cause of the 
•• fiseases" of wine. The author infers that wines would be im- 
proved by leaving them in the cask until ripe, and then bottling 
them. 

UnUZATION OF SEWAGE. 

At the meeting of the London Chemical Society, February 1, 
1866, Dr. Gilbert read a lecture " On the Composition, Value, and 
Utilization of Town Sewage," of which the following were the 
conclusions : 1. It is only by the liberal use of water, that the 
refuse matters of large populations can be removed from their 
dwellings without nuisance and injury to health. 2. That the 
discharge of town sewage into rivers renders them unfit as a 
water-supply to other towns, is destructive to fish, causes deposits 
which injure the chaqnel, and emanations which are injurious to 
health, and is also a ^reat waste of manurial matter. 3. Thal- 
the proper mode of bom purifying and utilizing sewage-water 
to applty it to land. 4. That, consideiing the v;cq»X> dSraM^-^^ ^ 
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Btant daily supply, greater amount in wet weather, and 008t of 
distribution, it is best fitted for application to grass, al^ough it 
may be occasionaUy applied to other crops under favorable droam- 
Btances. 6. That tiie direct result of the general appHcation d 
town sewage to ^rass-land would be an enormous increase in the 
production of milk (butter and cheese) and meat, whilst by ths 
consumption of the grass a large amount of solid manure, a{^ 
cable to arable land and crops generally, would be prodoi^ed. 

METHOD OF OBTAINING THE ODOBIFBROUS FBHTCIFLBS 

OF FLOWEBS. 

The means used hitherto for obtaining the odorous elements ot 
flowers are troublesome and more or less wasteful. A volatile 
essential oil, obtained from well-purified Pennsylvania petrolemn, 
and termed petroleum ether, is now used very successfully for 
this purpose. It absorbs the odorous principle of the flowen, 
new quantities of which are added continiuillv to it, until it 
becomes saturated. It is then separated from the odorous prin- 
ciple by evaporation, but little of it being lost. The fatty and 
other matters associated with the perfume, which is left behind, 
may be separated from it by means of alcohol, in which they are 
nearly insoluble, but which dissolves the odorous principle widi 
great facility. This method may be used for extracting aaj 
aroma, especially when contained in flowers. — InteUedual ObMh 
ver, Apnl, 1866. 

PROCESS FOB STAINING WOOD. 

In the ** Journal of the Franklin Institute " for November, 1866, 
is described the process of Baiton H. Jenks for stainiDs^ woods. 
The wood to be treated is placed in a close vessel, whi<£ is con- 
nected with an air-pump, and the air is removed. The coloring 
fluid is then allowed to enter and permeate the wood, which tf 
does in a very tliorough and even manner, on account of the 
removal of all air from the fibre. The excess of fluid is thai 
piunped out, or the wood is removed and allowed to dry in the 
usual way. Specimens of white pine were stained with the fol- 
lowing substances : — 

• 

1. Nitrate of iron Wann gnj, light. 

2. Nitrate of iron and paraffin Warm ^ray, dark. 

3. Sulphate of iron Colder grtLy, light. 

4. Sulphate of iron and paraffin Cold gray, dark. 

6. Sulphate of iron and logwood Like 3. 

6. Sulphate of iron, logw(^, and paraffin Like 3. 

7. Chromate of potash Yellow gray, light. 

8. Chromate of potash and paraffin Yellow gray, dark. 

9. Bichromate of potash .... Yellow gray, between 7 and & 

10. Bichromate of potash and paraffin . . Very rich yellow gray. 

11. Logwood I^ght (Hranga. 

13. Logwood and paraffin Dark orange. 

IS. Aniline blue Bloiah slate. 

14. Aniline blue and paraffin Bluish slate, dark. 

15. Aniline red Violet, with yellow shade. 

16. Aniline red and paraffin A little darker tfaaa 1&.. 

17. Aniline solferino Rieh i 

i& Aniline solferino and pexaS&iL '^:»^\rax^^< 
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SPONTANEOUS COMBUSTION OF PTBOTECHNICAL COMPOUNDS. 

The following are extracts from a commnnication of Mr. Thomas 
AmaU to the "London Pharmaceutical Journal,^ of September, 
1866 : " The compositions which are liable to this spontaneous 
action all contam chlorate of potash and sulphur, with nitrates of 
strontia and baryta, oxide of copper, etc., as coloring agents. The 
cause of this action I believe to be, in most cases, acidity, either 
of the sulphur or some other ingredient used. It is well known 
that most of the flour of sulphur, as met with in commerce, has a 
slightly acid taste. This acidity has been attributed to atmospheric 
oxidation from long exposure, but more probably is ciiused by 
partial combustion during sublimation. Now, supposing sulphur 
containing a slight trace of sulphuric acid to be mixed with chlo- 
rate of potash, it will liberate a corresponding quantity of chloric 
acid ; this at once oxidizes more sulphur, ana so the mutual reac- 
tion goes on until the mixture ignites. But we have also nitric 
acid in combination, and the nearly anhydrous vapors of these two 
adds will sufficientiy account for the heating and ignition of the 
compounds in which they are evolved. 

"I have been informed by practical pyrotechnists that they 
never use subMmed sulphur, but buy it in roll, and powder it for 
use when wanted ; and I believe that latterly the sulphur has been 
superseded for indoor uses by a mixture of shellac and resin. This 
has the merit of comparative safety, although the brilliancy of the 
colors will not bear comparison with those lormulad where sulphur 
is used. 

" These remarks do not apply to a most dangerous compound 
for purple fire, which contains chlorate of potash, sulphur, nitrate 
of strontia, and anhydrous sulphate of copper. Although the color 
is exceedingly beautiful, I can enumerate five deaths trom explo- 
sions, in addition to other cases not fatal, where this formula was 
in use ; and I have had it ignite four times in my own experi- 
ments. In this case no acidity of the ingredients seems requisite. 

'* I am disposed to attribute the ignition, first, to the anhydrous 
sulphate of copper attracting moisture from the air ; next, to double 
decomposition of the copper salt and chlorate, ultimately forming 
chloride of copper (possibly bichloride), with evolution of chloric 
oxides or chloric acid. I have substituted black oxide of copper 
for the sulphate, and the mixture has not shown any tendency to 
ignition. 

•• I believe that disaster may be frequentiy averted by first mix- 
ing a few drachms of the in^edients in a mortar. If the in^-e- 
dicnts are pure, no smell should be perceived; but if acia be 
contained either in the sulphur or other ingredients, a peculiar, 
somewhat ozonic odor will arise, which may be considered as 
indicative of danger.^* 

SPONTANEOUS COMBUSTION OF COAL ON BOARD SHIPS. 

The committee of Lloyd^s Salvage Association has issued the 
sabjoined report upon this subject, which has osnattltbi^ ^^i^fidscoe^ 
tian ot ao many vessels : — 
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There are a great many opinions afloat relative to the oanae tf 
Bpontancous combustion, some ascribing it to the chemical conh 
position of the coal, others to the absence of ventilatioD, either 
natural or artificial, while others, again, oonsider it is caiued I9 
moisture. 

1. As to the chemical composition of coal. Owners know tint 
one kind of coal is more liable to heat than another, and some 
will not ship that which is dan«^erons ;. but others are less scrapo- 
louH, and ship all kinds. This might be partially checked \n 
obliging owners to deposit at the Customs an analysis of the ooib 
sent by them ; they would be afraid of having any fire tracied to 
their coal. But a better method is suggested by Mr. R. Hook, 
F.R.S., of the Museum of Practical Geology, in [England. A ms- 
chine has for some time been employed for washing away the im 
pyrites, or bisulphurot of iron, from the small coal at tiie piA 
mouth, previous to converting it into coke. While the coal is 11 
transit, the oxygen acts upon the bisulphuret of iron, and eyol?e8 
great heat ; consequently, if the iron pyrites vrere excluded, ft 
great source of danger would be obviatea. The cost is only about 
sixpence a ton for the washing, and would be amply set df bf 
the lower rate of insurance consequent on greater security. 

2. As to natural ventilation. It is chiefly small coal which 
heats, there being room in large kinds for the air to circulate b^ 
tween the lumps ; but as the Chilian consumer requires small 
coal for smelting purposes, the only remedy is for sliippers to send 
as large coal as can be used. 

8. Artificial ventilation. Mr. Hunt proposes a method of se- 
curing this ; but its cfBcacy has not yet been proved. It is to let 
down a pipe in the after part of the ship well into the coal, and to 
let down one in the fore part, with the top communicating widi 
the chimney of the cook^s galley; this would produce an op 
draught, and keep down the temperature of the coal. 

4. Moisture. Coals are in every way liable to get wet. At the 
pit*s mouth they lie uncovered ; in the wagons they are not in soy 
way protected, the expense of tarpaulins being too great. While 
being shipped, the hold is open to tho weather ; and at sea the 
hatches are frequently taken off, and the spray and sea air mast 
necessarily dampen them. 

On the whole, the committee commended to those connected 
with shipping coal — 

That coal of undue fineness or damp coal should not be shipped. 

That a rod similar to those used in British ships should be need 
every twelve or twenty-four hours, to ascertain the temperatan 
of the coal. 

That the proposition of Mr. Hunt for artificial ventilation ahoold 
be tried. 

That the coal should be washed previous to shipping. — . SeU^ 
iific American, 

PROTECTION OP VESSELS' HULLS. 

The Jouvin composition for protecting the hulls of ships htf 
>en tried on the French armor-plated veseeU the *' Helens,** whkk 
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laanched in December, 1868. Previous to that, her hull was 
covered with two coats of paint, the base of which consisted of 
metallic zinc in powder, and then with minium paint containing 
ten per cent, of M. Jouvin^s poisonous composition. After re- 
maining fifteen monUis in the water, she was placed in the diT 
dock, when her hull was found to be covered with a gray, mua- 
like matter, to the smface of which a few mussels h^ attached 
themselves by their byssus, thus being isolated from immediate 
cx>ntact with the poisonous composition. A slight touch was suf- 
ficient to detach them. They were principally collected on the 
spot^ at which the struts had beenfixea, which were only painted a 
few moments before the vessel was launched. There were no 
marine plants, and no barnacles. These results seem to be highly 
satisfactorv, since neither plants nor mollusks can attach them- 
selves, and the bottom may be cleaned by brushes, or even by 
rubbing with a piece of wood, without the necessity for scraping. 

SULPHURETTED HTDBOGEN. 

This gas, which, for experimental purposes, is usually obtained 
by means of sulphuret of iron, may be procured more conveniently, 
and in a state of great purity, by the use of sulphuret of calcium. 
The latter is formed very easily by mixing unealcined powdered 

gypsum with one-fourth of its weight of calcmed gypsum, and pow- 
ered pit coal equal to one-third of the whole of the gypsum used, 
and working up the mixture to a stiff dough with water ; next form- 
ing it into pieces four inches long, two wide, and one and a-half 
thick, sprinkling them with powdered coal, and drying them ; then 
placing them with coke in a wind furnace, and keeping them at a 
very high temperature for two hours. When cola, they will be 
found, externally, to consist of oxysulphuret of calcium ; but, in- 
temallv, of pure peach-colored sulphuret of calcium, which mav 
be broKcn in pieces about the size of nuts, and preserved in welU 
stop{)cred glass bottles. If water is added to these, and then sul- 
phuric acid in small quantities at a time, sulphure^d hydrogen 
IS given off with great uniformity. — Scieatific Review, 

ACTION OF SEA-WATEB UPON METALS. 

In a paper by Messrs. Calvert and Johnson, in the London 
'* Mechanics^ Magazine '^ for March, 1865, are given the results 
of experiments in which twenty square centimetres of various 
metals, carefully cleaned, were immersed in equal volumes of 
sea- water for tiie space of one month ; the conclusions arc as 
follows : 1. That the metal now most in vogue for shipbuilding, 
namely, iron, is that which is most readily attacked. 2. That 
this is most materially preserved from the action of sca-watcr 
when coated with zinc, and, therefore, in our opinion, it would 
amply repay shipbuilders to use galvanized iron as a substitute 
for tliat metal itself. The above facts fully confirm those pub- 
lished in a previous paper, in which it was shown that when iron 
wais in contact with oak they mutually acted u^a oajck o^K^x^ 

17 
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prodacin«^ a rapid destraction of the two materials, whilst little 
or no action took place between ^Ivanized iron and the wood. 
8. The extraordinary resistance wnich lead offers to the action of 
sea-water naturally suggests its use as a preservativa to iron 
vessels against the destructive action of that element; and, al- 
though wo arc aware that pure lead is too soft to withstand tlie 
wear and tear which ships^ bottoms are subicet to, still we feel 
that an alloy of lead could be devised which woald meet the 
requirements of shipbuilders. These results are yet mofe remark- 
able when the metals are exposed to a strongs tide and a rough 
sea. Sea-water acts vcr^ differentlv upon different brasses, a^ 
cording to the existence in them of a very small proportion (^ 
another metal ; thus, in pure brass the zinc is most rapidly dfe- 
solved (the contrary to what takes place in ^Ivanized iron), 
whilst it acts as a preservative to the copper. Tin, on the other 
hand, appears to preserve the zinc, but to assist the action of se»- 
water upon the copper. The great difference between the action 
of sea-water upon pure copper and upon Muntz metal seems to 
be due not only to tlie fact that copper is alloyed to zinc, but to the 
small proportion of lead and iron which that alloy contains; and 
there can be no doubt that shipbuilders derive great benefit by 
using it for the keels of their vessels. An alloy of lead, tin, and 
antimony has been found by Mr. J. Robinson to resist the action of 
sea-water better than any other metal or alloy. 

COHPARATIYE ANALYSIS OP THE WATERS OF THE DEAD SEA 

AND THE BED SEA. 

The Water of tJie Dead Sea. — The Due de Luynes has recently 
found fishes in the southern portion of the Dead Sea, around the 
ruins of Sodom, apparently multiplying their species comfortably. 
M. Daubr6e has analyzed several specimens of tho water from 
various localities and "at different depths, and has presented his 
results to the Acadcmv of Sciences of Paris, as follows : — 

1. The deneity of the Dead Sea increases with the depth. 

2. The composition of the water is not identical throughout its 
extent, even when those localities near the mouth of the nver and 
the small streams which enter it are excei^ted. The water taken 
five miles to the east of Ouadi Mrabba contains four times more 
lime than that taken five miles east of the Ras Feschkah ; but the 
latter contains twice as much sodium as the former. 

3. The concentration of the water is also very variable m dif- 
ferent localities. 

4. The water collected to the north of Sodom, in the part 
which forms a lagoon, contains more chloride of sodiom flian 
chloride of magnesium, which is the reverse of the ordinary chtf^ 
acter of the waters of the Dead Sea, and explains the possibility 
of fishes living there. 

6. The proportion of the saline matters remains the same ai 
*11 depths ; except that tiie bromides appear to concentrate it 
depths of 300 metres. 

6. The water of the Dead ^<iai \\.\>^e«ixs \ft eontain no iodine iwf 
Phosphoric add. 
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7. The spectroscope detects in the dried salts neither lltliiam» 
calcium, nor rubidium. They contain but little sulphuric acid; 
but are composed almost exclusively of chloride of mao^esium, 
sodium, calcium, and potassium, ana of a certain quantity of the 
bromides of these bases. Their relative richness in bromine and 
potassa is such as to deserve the attention of manufacturers of 
these articles. 

8. The waters of the rivers and springs around the Dead Sea 
are composed of chlorides, sulphates, and carbonates of lime, 
magnesia, soda, and potassa, and contain no bromine appreciable 
to analysis. 

Water of the Bed Sea. — MM. Robinet and Lefort have just 
submitted to the Academy of Sciences of Paris an analysis of ^e 
water of the Red Sea. It shows that in a litre there are 45.38 
grammes of fixed salts, of which 30.30 are chloride of sodium, 
2.88 chloride of potassium, 4.04 chloride of magnesium, .06435 
bromide of sodium, 1.79 sulphate of calcium, and 2.74 sulphate of 
magnesium. Except in being a little more intensely saline, the 
eomposition of the water of the Red Sea is thus iust the same 
as that of average sea-water, but very different indeed from that 
of the Dead Sea, so that this analysLs quite disproves the hypoth- 
esis that between the Dead Sea and tlie Red Sea there exists a 
subterraneous communication. 

The following table, by MM. Robinet and Lefort, from the 
•• Comptes lienuus," gives the percentage composition of the res- 
idue obtained by evaporation from the waters of the Mediterrar 
nean. Red Sea, and Dead Sea: — 

Mediterrantan, Red Seth Dead Sea, 

Chlorine 62.92 60.33 66.78 

Bromine 1.14 Lll 1.25 

Sodium 31.15 80.92 11.22 

Potassiam 7.00 3.33 3.71 

Calcium 1.18 1.16 6.67 

Magnesiam 3.62 8.54 12.59 

Sulphurio Acid 6.42 6.35 LOS 

From this we perceive that while the Mediterranean has a mncli 
larger quantity of potassium than either of the others, and both it 
and Uie Red Sea have nearly three times as much sodium as the 
Pead Sea, the latter has more chlorine, more calcium, more mag- 
nesium, and less sulphuric acid than either of the former. 

AK ADYANTAGEOUS METHOD OF PREPARINO OXTGEN. 

Fleitmann^s method of preparing oxygen from bleaching-pow- 
der depends on the complete decomposition of a concentrated 
solution of hypochlorite of lime, ^hen warmed, with a trace of 
freshly-prepared moist hyperoxide of cobalt, into oxygen and a 
solution of chloride of calcium ; no chlorate of limo is formed, 
and the whole of the active oxygen is given off, at a temperature 
of 70° to 80° C, in a regular current, with a gentle foaming of 
the liquid. His explanation of tiie process is that & Iqv<^^ V^^^^^s^* 



I 



196 ANNUAL OF SCIENTmO DISCOVSRT. 

oxide constantly takes oxygen from the hypochlorite of lime, and 
pa.s.4os into a hi^^lier oxide, wiiich is decomposed into oxygen and 
the lower oxiile, and the process is then repeated. One-half to 
one-t(Mith of one per c(;nt. of hyperoxide is sufficient to decompose 
an ind<'finite amount of the hypochlorite. According to him, the 
advantages of this method are : 1. The evolution of the gas is 
very regular and ea»il^ managed, so that the process may be 
us(id for lecture experiments in which a gas bladder cannot be 
employed. Afler the heat is once applied, the lamp may nsoallj 
be removed, the d<'composition going on to the end. 2. All the 
oxygen of the mat^^rial is obtained, which is not the case when 
eroxide of manganese is heated. 3. It is much cheaper than that 
•y means of chlorate of potash. — Ann, der C^iemieundPnar,, 134,64. 

OXYGEN OBTAINED FROM ATMOSPHERIC AIB. 

Our ordinary modes of obtaining oxygen, for experimental and 
other purposes, are very costly or very troublesome. It may, 
however, be pix)cure<l with great fzunlity through the medium of 
permanganate of soda, which, as it may f>e used over and over 
again for the purpose, will entail but a trifling expense. Atax)- 
8])heric air is p:issed over a solution of the permanganate, which, 
after a while, becomes saturated with the oxygen it has absorbed, 
the nitrogen having passed off. To separate the oxygen from 
the solution, a current of vapor at a proper tcjmperature is substi- 
tuted for the current of air ; this, almost without producing any 
change in the ])erm:ingaii:ito solution, fni*ther than dilution, 
causes the oxygen to bc^ (ivolved. Concentrating the solution by 
heat renders it again fit for use, especially if a very small quan- 
tity of the permanganate is added to it. — Intel, Observer, 1866. 

JAPANESE HAND FIREWOBKS. 

Dr. Hoffmann lately exhibited to the London Chemical Society 

some small paper fuses brought from Japan. They bum with a 

small, scarcely luminous flame, a red-hot ball of glowing saline 

matter accumulating as the combustion proceeds. When about 

half of the fuse is consumed, the glowing head begins to send 

forth a succession of splendid sparks, assuming the character of a 

brilliant scintillation very similar to that observed in burning a 

steel spring in oxygen, only much more delicate, the individual 

sparks branching out in beautiful dcjndritic ramifications. His 

first idea was to look for a finely-divided metal in the mixture; 

but examination in the laboratory showed that it was quite free 

ftom metallic constituents, and contained only carbon, sulphur, 

*tt*i njtre \ these were present in the following proportions : cap 

! Bolphur, 29.14; nitre, 63.04. Each fuse contained 

nifframmes of the mixture, folded up in fine paper. 

^Imitated them. A mixture of carbon, 1 (powdered 

•1), sulphur \i, axkd mVxci ^\, \)rc^^\Mi^\ \k\a ^<^^<ckAm- 

a more Btrikitvg mwww^iT. Ovv^Xxmsx^ ^T^^gMScL ^^assi^ 

be used, but tiie geuxmie^ ;i^^«aa^ ^^iw^^«t^TA.VB. 
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COLORATION OF GLASS. 

M. Pelouze having observed that the glasses of commerce were 
colored yellow by carbon, sulphur, silica, boron, phosphorus, 
aluminium, and even by hydrogen, was led to make a series of ex- 
periments for ascertaining the cause of the identity of l^e results 
with such different reagents. His conclusions, verified beyond a 
doubt, have a considerable importance in reference to the possible 
perfection of glass manufacture. His first conclusion is, that *' all 
the glasses of commerce contain sulphates.^^ These salts (sul- 
phates of soda, potassa, or lime) render the glass more or less 
alterable by atmospheric agency, and come into the ^lass from 
two sources, either directly from the use of these sulphates as a 
flux, or from the presence of the sulphate of soda as an impurity 
in the commercial carbonate. The effect of their existence may 
be seen by examining many of the panes of glass in our windows, 
which have been for some years exposed to the air, when the sur- 
face of the glass will be found to be corroded and partially opaque 
like grouna glass, and by examination under a magnifier will be 
found to be covered with crystals. He found tliese sulphates 
present from one to three per cent, in all the commercial glasses, 
window, plate, table, bottle, and Bohemian glass ; he also found 
two per cent, of sulphate of soda in a ^lass from Pompeii. The 
coloration is now easily explained; f£e reagents named above 
reduce the sulphates and produce an alkaline sulphuret, which has 
the property of giving the yellow color. He proved this by show- 
ing, first, that when the glass materials were carefully purified 
from sulphates, no color was produced by carbon, hydrogen, bo- 
ron, silicon, phosphoi*us, or aluminium ; and, secondly, that an 
alkaline sulphuret added to the pure materials produced the color. 
— Acad, des Sciences, Paris, 1865. 

CHEMICAL CONSTITUTION OF THE BRAIN. 

Liebreich has discovered in the fresh brain of man and animals 
a crystalline substance which he has called protagon. After free- 
ing it from blood and membranes, the brain should be rubbed in a 
mortar to a fine paste, and the mass agitated in a flask with water 
and ether. Cholesterine and soluble substances being thus re- 
moved, after filtering, the mass is treated with 85 per cent, alcohol 
at 45° C. in a water bath, and then filtered through a water-bath 
filter. The filtrate being cooled to 0° C, an abundant flocculent 
precipitate falls, which must be filtered and washed with cold 
ether to free it from cholesterine ; the mass bein^ then dned un- 
der an air-pump over sulphuric acid, moistened with a littl^ water 
and dissolved in alcohol at 45° C, the solution, after filtration, is 
to be cooled gradually upon a water bath to the mean tempera- 
ture of the air, when it will be found filled with microscopic crys- 
tals, — these differ somewhat in foi*m according to the qiiantity of 
alcohol used. The pure protagon thus obtaiaeQ.'was ^o>\w^\ft waN^ 
the formula. Qb» Haa N4 VOu* Dried, it is & \\§\\\. ^ociCvx^fcxvX. >^cr«: 
der, soluble in hot alcohol and eUier. but vrim dafiStfsvito \sx^ 
17" 
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It possosfios a vorj' complex structure, and its prodacts of decom- 
position s«M)ar:it(* it rciiKirkably from other known sabstances. He 
considers tliat this n:lycerin-pho8phoric and ol co-phosphoric ad^, 
ccr(il)rin, etc., of the books are secondary products of the decom- 
position of protagon. — Ann. der Chemie und Pharm.^ 184. 29. 

CHKMICAL ACTION OF THE PANCBEATIC JUICE. 

The study of the function performed by the pancreatic secretion 
in the animal economy has led to the discovery of properties pos- 
sessed by it, which, in a chemical point of view, are of great iDter- 
est. In ordinary circumstances, fat is incapable of mixing w6k 
water. After having been heated alon^ with that flaid, it will 
separate perfectly from it, even before cooling. Such is not Hie 
case if it has been previously heated with fresh and acid patiere- 
atic juice. It will then form an emulsion by mere mixture with 
water, a circumst:ince which is remarkable, as its constitntion has 
undergone no change that our present chemical knowledge will 
enable us to detect. That a change has taken place in it Is, how- 
ever, certain ; and it is equally certain that this change is not sapon- 
ification, as the fat globules remain perfectly distinct, and of near^ 
uniform size. The researches of chemists will, no doabt, nlfr 
mately throw light on the circumstance, which may lead to impo^ 
tant results in more departments than one of practical science.— 
InteUedudl Observer , 1866. 

PROTECTION OF IRON. 

It has been ascertained that sheet-iron may be protected from 
oxidation by coating it with a thin fused layer of ma^ctic oxide. 
For this purpose it is embedded in hssmatite, or some other native 
oxide of iron, reduced to a fine powder, and kept for several hours 
at a red heat, and then is allowed to cool gradually. The black 
coating produced in the same way by a combination of the oxides 
of zinc and iron is probably still more effective. It may be found 
verv advantageous to cover in this way the iron used in ship- 
building. 

DISINFECTANTS. 

As an illustration of the want of general knowledge of the laws 

of disinfection, and of combined action between local authorities, 

the author said he might refer to what is being done in London. 

The drainage of 100() acres, saturated with a powerfully oxydis- 

ing disinfectant, mingles in the sewers with that of another 1000 

acres, to which a powerfully deoxydizing agent has been applied. 

The result is, that an enormous amount of money is expended 

with but very inadequate results, and many valuable ag-ents may 

^allinto discredit from the want of discrimination in their applica- 

on. Disinfectants of ffi'eat value are being used for purposes 

r which they are totally unfit; useful, but incompatible, disin- 

ctants are recommended in the same paper of instructionB, and 

lemicals of the most potent descvi^tiQu are 0ven to ignonuit 
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persons without warning as to their application. The best plan 
of disinfection should, therefore, be definitely settled, ana its 
adoption made uniform. Disinfectants should always supplement 
each other, so as to pervade the whole mass on the meeting 
of the contents of ranous sewers. The opposite, howerer, is 
now taking place in London. Oxydizing disinfectants are by 
far the best known and most used, as they appeal directly to 
popular prejudice bv destroying foul odors; whOst antiseptics 
have little or no action on these ^ses. This fallacious mode of 
estimating relative value is an injustice to antiseptics. In prac- 
tical work, oxydizing disinfectants are always very inadequate, 
except for a short time after application. At other times the oxy- 
dizing agent has more noxious material than it can conquer ; and, 
bein^ governed in its combinations by definite laws of chemical 
affimtY, the sulphuretted and carburetted hydrogen, the nitrogen 
and pnosphorus basis, and other vapors, all have to be burnt up 
before the oxydizing agent can touch the ^erms of infection, 
whilst the renewal of the gases of putrefaction will constantly 
shield the infectious matter from destruction. Oxydizing disin- 
fectaDts destroy infectant substances ; antiseptics act by destroy- 
ing its activity. Of all antiseptics, tar and acids are most 
powerful ; and, of these, carbolic acid. By the latter, embryotic 
life is rendered well nigh impossible, and all minute forms ' of 
animal life perish inevitably. If the infectious matter of cholera 
possesses, as is now almost universally * admitted, organic vi- 
tality, it will be destroyed beyond revival when brought into 
contact with this vapor. The addition of permanganate of 
potash to water will destroy the cholera virus. The oxydizing 
powers of this agent, although very energetic on dead organic 
matter, are successfully resisted by living organisms. The sci- 
entific prosecution of accurate experiments and observations in 
reference to the cholera, similar to those in respect of the cattle 
plague, are highly important, as the third report of the commis- 
sioners on the latter subject has given us more insight into that 
pestilence than we possess of anv human zymotic disease, and 
there is no reason why a similar plan should not be carried out in 
this instance. — W. Crookes, in Reader, 

The Hastings Prize Essay on this subject, by Dr. Thomas Her- 
bert Baker, is published in the number of the " British Medical 
Journal ^^ for January 6, 1866. The following is a smnmaryof 
the author^s conclusions : — 

1. For the sick-room, free ventilation, when it can be secured, 
together witii an even temperature, is all that can be required. 

2. For rapid deodorization and disinfection, chlorine is the most 
effective agent known. 

8. For steady and continuous effect, ozone is the best agent 
known. 

4. In the absence of ozone, iodine exposed, in the solid form, 
to the air is the best. 

5. For the deodorization and disinfection of fluid and semi- 
fluid substances undergoing decomposition, iodine is best. 

6. For the deodorization and disinfection, ol uo'^^i V^c^^i^ ^te 
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cannot bo destroyed, a mixture of powdered chloride of sine, or 
powdered sulphate of zinc with sawdust, is best. A mixtore of 
carbolic acid and sawdust ranks next in order ; and, following 
on that, wood-ashos. 

7. For tlie deodorization and disinfection of infected articles of 
clothing, etc., exposure to heat at 212° Fahr. is the onlytroe 
method. 

8. For the deodorization and disinfection of substances that 
may be destroyed, heat to destruction is the only true method. 

COMPOSITION OF ANCIENT MOBTABS. 

The composition of ancient mortars has been examined by Dr. 
Wallace, and the results given in the " Chemical News.^ The first 
specimen was from the great pyramid, and presented the appear- 
ance of a mixture of plaster, of a slight pinkish color, with gypsum. 
It did not appear to contain any sanu, the place of which was taken 
by coarsel3'-ground gypsum. Large quantities of this material and 
of alabaster are stated by Prof. Smytn to be found in the vicinity. 
Analysis showed this mortar to contain 82 per cent, of hydrated 
sulphate of lime, and 9i per cent, of carbonate of lime, besides 
smaller quantities of other bodies. A very ancient mortar, sup- 
posed to be the most ancient in existence, was obtained from the 
ruins of a temple near Lamaca, in Cyprus. The temple is now 
wholly below the ground ; still the mortar was exceeaingly hard 
and firm, and appeared to have been made of a mixture of burnt 
lime, sharp sand, and gravel. This mortar contained chiefly 26.4 
per cent, of lime, 20.2 of carbonic acid, 16.2 of silica, and nearly 
29 per cent, of small stones, the lime being almost completely 
carbonated. Ancient Greek mortars showed somewhat the same 
composition. Ancient Roman mortars differed, however, being 
evidently prepared by mixing with burnt lime, not sand, but 
puzzeolana, or what is commonly, although improperly, (»dled 
volcanic ash. From all his analyses. Dr. Wallace deduces the 
following conclusions : That in the course of time the lime in 
plasters and mortars becomes completely carbonated ; that where 
tlie mortar is freely exposed to the weather, a certain proportion 
of alkaline or eaithy silicate is formed, which probably confers 
hardness, as those mortars are the hardest which have been lon£ 
below ground. It is known that those walls are strongrest whi^ 
arc built during the rainy season, as then a small proportion of 
silicate of lime is formed, which not only makes the mortar itself 
harder, but causes it to unite more firmly with the stone, llie 
moitiir which is probably the most ancient i^ by far the hardest, 
appealing like concrete. Its excellence seems to indicate that a 
large-grained sand is best for building purposes ; and that even 
small gravel may, in certain cases, be used with advantage. 

COMPOSITION OF CAST-IBON. 

Not only as a curiosity, but as a matter of profound interest to 
lenxical and technical science, Prof. Remigius Fresenias of Vfluh 
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baden lias lately published a minnte analysis of a black yariety 
of cast-iron, which, besides a small amount of slag which was in 
mechanical combination, showed the following composition in 100 
parts : — 

Per ctnd, 

Hetallio Iron 93.279 

Metallio Aluminium 0.028 

Metallio Manganese ••• 0.388 

Metallic Chromimn • 0.027 

Metallio Vanadium 0.012 

Copper 0.009 

Arsenium ••••• 0.015 

Antimony ••••• 0.011 

Cobalt and Nickel . . • • • • • . 0.036 

Zinc • trace. 

Calcium 0.072 

Magnesium ..•••••••• 0.010 

Titanium 0.024 

Phosphonu .•... 0.459 

Sulphur 0.036 

Silicium 3.265 

Carbon (ehem. comb.) 0.086 

Graphite 2.171 

MANUFACTUBE OF WHITE-LEAD. 

A recent number of the ** Bulletin de la Soci6t6 d^Encourage- 
menf' contains the text of a report by M. Barreswil on M. Ozouf 's 
process for the manufacture of white-lead. It resembles in the 
main that proposed by Thenard many years since, in which car- 
bonic acid gas is passed through a solution of subacetate of lead. 
The novelty consists in the manner of producing the carbonic 
acid, which is as follows : The gases proceeding from coke burnt 
in a specially-constructed furnace are, after having been washed, 
led through a series of vessels containing a solution of carbonate 
of soda, which thus becomes converted into bicarbonate. This 
solution is pumped into a cylinder, where it is raised to a boiling 
temperature. The effect of this operation is to drive off half the 
carbonic acid, which is then passed into a vessel containing a so- 
lution of basic acetate of lead, as in the ordinaiy method. M. 
Ozouf states that by proportioning the quantity of carbonic acid 
gzis to the composition of the subacetate operated upon, he is able 
to produce at will white-lead of any definite composition, — a 
point of some practical importance. A specimen furnished by 
him showed on analysis a composition represented by the formula 
3 (PbO, Co«) -f- PbO, HO. Several ingenious contrivances for 
preserving the health of the workmen engaged in M. Ozouf 's 
manufactory at St. Denis are described in the report. 

NEW PBOCESS OF MAKING SODA. 

Mr. A. G. Hunter of Rockcliffe Hall, near Flint, has achieved 
a discovery, which seems likely to lead to a most valuable modif 
cation in the process of making soda. It has long beea kiuan 
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tli:it caiistiu b:ir}'ta will separate the sulphuric acid from a solutioii 
of Mil|»li:iti^ of sodium, foriuiiig therewith an insoluble precipitate 
of >iiipliati> of barium, and leavin<; caustic soda iu solution. The 
f1< (Miiii|Misition of sulphate of sodium by caustic baryta is thus afar 
hiiii|ilrr and readier process than its decomposition by Leblancs 
nii-iiiod ; but eaustie liaryta has hitherto been, and is still, fartoo 
t'o-ilyto permit of its use for the decomposition of sulphate of 
Kodium on tli<f p*eat scale. Many attempts have been madelo 
oliiain it at a eheap rate fn)m sulphate of barium, or " heavv spar,"* 
>vliieli is a suflieiently abundant natural product, but they We all 
been utter failures ; and hence inventors have sought sednlooslT 
for si>me otli(*rand cheaper reagent, capable of acting, as regards 
siilphatu of sodium, in the same way. Mr. Hunter has foandareiT 
cheap one, indeed. He has discovered that lime, by farthecheap- 
est of all alkaline bodies, will separate the sulphuric acid fromsiu- 
]ihate of sodium in S(dution, provided that tlie solution, aftertiie 
11 1114' lias been ad<led to it, be subjected to a pressure considerably 
exceeding that of the atmosphere. lie states that '* either hy- 
draulic, steam, or mechanical pressure,^' will answer equally weJL 
I'nh'ss the applieution of the necessary pressure, on the larg? 
sealf^ should prove to be attended with ^eater difficulties than 
there, seems any reason to anticipate, his discover}* will revolo* 
ti(Mii/.(* tlH>, soda manufacture; and, by and by, all the carbonate 
ofMidiiim profiuced will be obtiiined by the direct corabinatioDof 
eaustie soda with earbonie acid, the caustic soda being obtained 
by a process embracing only two operations : (1.) the decoraposi- 
thin of chloride of sodium, or common salt, by sulphuric add, as 
ill Lebhuie's process ; and (2.) the decomposition of the resaldng 
sulphate of sodium by lime. — Mechanics^ Mageuifie, 

PHENIC OB CARBOLIC ACID. 

Phcnic acid, or phenylic alcohol, is usually accompanied byiti 
congiMiers, xylie, and eresylic alcohols, which adhere to it with 
great tenacity, and give It the property of becoming brown ii 
eoiita(?t with the air. For its puriiication, M. Muller has recouRe 
to a partial neutralization, and afterwards to the fractional distO- 
latioii of the jiroduet. 

'J'he crude tiir i-edcs to soda or lime water a mixture of tiie voir 
tors before njeiitioned, as well as naphthaline, which is soluble la 
concentrated Solutions of the alkaline phcnates. Water is added 
to this until it ceases to cause a precipitate, when the liquid is 
exposed in wide \ «.3S(ds. to facilitate the formation of the browa 
bodies and their deposit. After liltering, the approximative qoas* 
tity of organic mattt-r held in solution is determined, formed 
jirincipally of pheniti. acid and its congeners, which are easflj 
disphiced b}' aci<ls. / 

The phen'ic aci«l is -^i^ANvays the last to separate, so that it is easr 
to disemliarrass it oi' *\X* i\:isov\ati;d matter and brown oxidizeii 
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to stop, so as to retain the phenate nearly pure. The acid is now 
•eparated and rectified, and soon crystallizes. As a little water 
prevents its crystallization, Mr. Mailer removes it by passing a 
current of dry air over the phenic acid nearly boiling. 

The crystallization is facilitated by cooling, or by the introduc- 
tion into it of a small quantity of the crystallized acid. 

He insists on the necessity of exposing the alkaline solution of 
the acid for a long time, to favor the resmification and deposition 
of the brown matters ; phenic acid is always impure when it is 
colored. 

t It should be quite pure when employed to make picric acid, 
because the impurities waste the nitric acid. 

Phenic acid often contains a fetid substance, which appears to be a 
sulphuretted compound of phenyl or cresyle. It is removed by 
recreation from oxide of lead. — From Zeitsch, fuar Chem,^ in 
Jhum. de Pharm., Nov,, 1865. 

It was first christened carbolic acid by Kunge, a German chem- 
ist, who discovered it in 1834. But it is not properly an acid ; it 
Is not sour, does not redden litmus paper, nor does it combine 
with alkalies any sooner than with acids ; hence the names phenol, 
etc. 

Phenic acid; when pure, occurs in beautiful transparent needle- 
form crystals. If the ciystals be exposed to the air, in a few min- 
utes they absorb a very small <]pantity of moisture, and are trans- 
formed into an oily liquid, which is slightly heavier than water. 
Although the solid acid is so eager for water, it is satisfied with a 
very little, and is but slightly soluble in water. It has a burning 
taste, and a powerful and persistent odor, which people caU 
smoky. It dissolves freely in alcohol, ether, and oils, and is 
Itself a powerful solvent of ^m, resins, sulphur, and phosphorus. 
We cannot more briefly indicate its more useful properties than to 
say it is often called creosote, and that it is as like the genuine 
csreosote as two peas. It is a poison to all animals anaplants, 
and is especially destructive to insects and their eggs. All ver- 
min hate the smell of it, and get away from it as fast as they can. 
But, although it is certain death to the animal, it is kind to the 
dead body, for it may preserve that forever ; any kind of flesh 
which has been impregnated with phenic acid refuses to decay 
luid return to dust. When decay has commenced, by putrefac- 
t^n or fermentation, phenic acid will stop it instanter, and pre- 
vent its recurrence. 

The chief source of phenic acid is gas tar, while the genuine 
creosote is found in wood tar. Both are separated in substan- 
tially the same way. Phenic acid is probably as powerful an 
antiseptic as creosote, and for many purposes is a cheap substi- 
tute. 

When nitiic acid and phenic acid are brought together, picric 
acid, a splendid dye for yellow and green on silk and wool, is the 
result. Phenic acid, in the very crude form of gas tar and doad 
oil, has been used for preserving timber, and by the farmers for 
killing vermin. In the pure state it is generally known to phy«'- 
cians, and is used by many of them. 
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?•:•:.•• u-.i J* ii-r zi-i!S. ULli-*ii Abooi as a dLdnfectant, ud 
*- .• .ul; .1 !-»:.•';.. t;w"X^ -^-i rt^'i-*rp-=s«. Bat its nitnesisi 
:•.._•■ M-:: i--t : iriL, I: rr:cipclT pn*Tent« the decomposi- 
^1 1 ." iniuT-.- -9 •.'■n ^'Z-riZr* :. il i-ior?- bat it acts slowlvud 
;. . I- ; .1 •-:- .•:■ r* i^j-i^ij rxiKiiZrZ'. If it destroys an odor, it 
..-I - ji-^." -1 --I- ;.!*:■> -r b. ici. t:> most people, wiD smell 
;:. - L- ::l.:. ^^r ir^ :•!•.?: f li^rLi? Add is tolerable, bat whn 
■■ i-i:-:. j: >.o ci^ tX-'wiIz^.j :iz.birarablc. — 5««ji/i>h: iwr 

E-. ▼ r". ¥1^7 yrrxr-sLTCEREsx safe. 
?— c ' A ^•- -7 r^iA-^ iz.?? f-H'i-'wln^ eomzxiiiiiication to tiie 

I- .*--,*-"- . ■ - '^- ^'- :^-' ^. "^"^ "Scientific American" of 
Ml* :. I 11^:- ZZ' lAr^m-.- "cji tc-r 'im^rers from nitroglvcerine 
1J-: :r----->k..vT. 1- : -jii..: i-r- in-raiis were known bv wEich its 
iri-i.-o r-iii.i i:: i *;: r^r: ;--^i ^ made safe. l' shall now 
i— <T r -i-r z: -^ r*:r:V.c :: :i:e pLias proposed, and I ask that 
u-.-j** TT •• i^ -^tcTt-Xo: _i ;i:r =:;-.;^?: will carefaUv weigh them. 

1 II r. y^ • 1 ^ r :«. ^rr* *:.:• 1:1 -te th*r nitT^jg-lycerine wi± wood 
=.!.;. -.-.liL. Ii >- :-^ "... :: is z:Llnz> in any pn^portion, and the 




'..:.- -..•;-..-::-. ir. : -.^i-.r rrr-m i: the naphtha, while the 
} -' : -■'-' - " ^-''" . * "^^ "* V > tiom. This plan is, however, | 
..-'..: -:•.--. ;.:..-*. -. 1.. T:ir expense of the naphtha and | 
: •- :' =..:r j.j . . r. ::: .v.*^:i:r. j w;:a water. (:>.) The volatilitr 
..: -.h- :.i}-:_:j. ^•..-. --Tyr ".-•e ::::x::;re i> exp«^sed to air some oi 
:!■: :i).7i:-i r> -'.■--. i-i Ti-r L.in-.glyeerine might be leftunpro- 
:.. > :. , ■:. I: :• 7 7 ": * : V :h.\: rh-r- would be a chemical action 
y-r-Tc- T. :hr *u fVi.jrS. ( 4. ) The naphtha and the vapor from it 
ar- '.-rr ■- r-rr." \:-:*.lr:. Tue vapor mixed with air would bean 

i'. It ;.:« : - • :i p: :*^^.d : y sereral persons, qnite independently 
of ►rarh ■ih T. tok'-r-^^ta'.- nirri'^lyc^'riEe mixed with sand, or other 
in»rrt •Ti: -:.ino»\ w l.i._h would 5*:rvL' a-^ a conductor of heat, in the 
fiamf- way as the l'.:*"?"? p.^wdt^r in Gale's grunpowder mixture. Thb 
plan wou.d greatly increase the weight and bulk of packaty^Sjand 
/rreat lo*^ w'^iuld !••? sustained by re;ison of the acmesion of the 
ijitro;rlyc»-rine to the sand. 

3. l/r. Henry Wurtz proposes to make a thoron/^h mechanical 

mixtun; or emulsion of the nitro<rlycerine with a saline solution of 

thf; H;im*: specific oravity. A solution of nitrate of zinc, lime, or 

rrja;rjje-jia, will probal^ly be found to be suitable. When the nitio- 

K'y^J'jrinr; is needed f jr use, water is added to the mixture when 

■»il «iib»!ides and may be drawn off. Further experience' seenu 

• ncjerled to determine how lon«^ the mixture may be main- 

I without spontaneous separation. 

have proposed to prepare the nitroglycerine more carefully, 

"^ thai it aliall be perfectly freed from acid ; and, to prevent 
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any fotare accumulation of acid, I propose to keep saspended in 
the oil a small qnantitj of a substance in powder which shall neu- 
tealize any acid which may be generated, and which of itself shall 
Mve no action on the oiL This method is offered as an efficient 
tkreYention of spontaneous decomposition. The amount of neu- 
valizing powder required is very little, — sixty grains to the pound 
cf oil might be sufficient. The quantity is so small that it would 
not interfere with the use of the oil, ana need neyer be removed 
fix>m it. 

In actual practice, one or more of these plans may be combined. 
The fourth is compatible with all the others, and should be used 
with all the others. Nitroglycerine should not be kept in storage 
unless it is free from the £inger of its most formidable property, 
— the liability to spontaneous change. 

In conclusion, I can say that I have as yet had no reason to 
modify the opinions which I expressed in my communication of 
May 5 ; and that I still hold that the manufacture, transportation, 
imd use of nitroglycerine may be carried on with safety. 



COLOBS FBOM COAL TAB. 

Aniline, or coal-tar colors have now been extended in number, 
00 that ^1 the colors of the rainbow, and all the shades, can be 
obtained from coal tar. Aniline was discovered by Unverdorben 
in 1826, who procured it by the destructive distillation of indigo. 
It is now obtamed in small quantities directly from the destructive 
distillation of coal, as in gas-works, but is generally manufactured 
from the lighter coal-tar naphtha. When the naphtha is rectified, 
the portion which distils over at a temperature of 180^ Fahr. is 
benzole, and this substance was discovered bv Faraday in 1825. 
By tJie action of strong nitric acid, the benzole is convei-ted into 
nitri-benzole ; and this latter, when agitated with water, acetic 
acid, and iron filings, becomes aniline. By the action of oxidizing 
agents, such as chloride of lime, bichromate of potash, chloride of 
mercury, etc., the aniline, which is colorless by itself, can be trans- 
formed into all shades*of violet, mauve, magenta, etc. * By the 
researches of Hofmann, the number and beauty of the aniline col- 
ors have been increased. While numberless shades of reds and 
purples can be obtained, there is a splendid green, called ver- 
dine, discovered by Eusebe, and which remains a true, pure g^en 
even by candle or gaslight ; a blue which is as clear as opal, a good 
yellow, and a fair black. In short, dyes of all hues can be obtained 
m>m aniline, which, in its turn, is procured from the coal tar. The 
intensity of these aniline colors may be indicated by the fact that 
one grain of magenta in a million of water gives a good red ; one 
^rain in ten milTiohs of water exhibits a rose pink ; one grain in 
twenty millions communicates a blush to the water ; and one grain 
in fifty millions tinges the water with a reddish glow. — Mining 
Journal, 

18 
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.' »- ..»' ;r.': ;ir.if:,-n -r" Tcii— iu'^a^ ±^iit $f:ino:-fcs 'i^ 

-t. 'jr"z,i"r,u' -^idT 'oe TTt**!^" -^^ pctisiBue from i 
■ 1 i;-.7 rai-r vKi-a j* >** t^aSIj :'X>£mm rittn teelf; 
--.t. • — li 211-1.1.* uiij:»i-r Ti^ zii:i=c oxiiAole knoviu 
•.-..- ** Viiri M. iioAHii 'leria is pesearcbes on this 
•r-: ul irr.-:T:i;:»i* v, ^r^iircjic ^►rai bj tlie contact of 
'-i ▼ •. -. ii.r'l* *^ t-'-« => ••:l":2f:c«. Wlifa nro exceptions, 
. - V* -.■.•^M_- u_;:-r: -ii. ir» pr^cxpctued in the metallie 
.-.-.. t^-%*::.r.. v.'i T-^j *x>tpdo»is bein^ duomiom and 
r/. : -.^fi.-.-*^, x.-.yr. ^--vsn^to b* prr^'-ipnased ms oxides. Among 
ti".-; •:.'^jt..% v;.v.hi M. k.'.-^%*~2n h^* preoiphated in the metallic state, 
^/7 r:.- \r,\ '/, rr^tyr.^iini, ir'jnk slfjrbtlT acidolated solutions of 
tr.' ..- »4.r*, \rH ^ /A^ »:lT«rr. plr&tmuzn. bismiith, tin, mercury, cop- 
/y^'» .tv!, <'-4/.'rrii inj, thM^llIani, iron, zinc, cobalt, and nickel. The 
//f <■' '.;/>;f -'! rfi'rC^!-, wh<:n wa.?hf:d from the saline liqnid, and then 
'Iri'-'l ar.'J '//rrjf#r'r-'!':d, p'/«a^«3 a very remarkable decree of bril- 
lintt^y. Infti, i'^AfSih, and nickel, so precipitated, are highly mag- 
ri'T ♦;':'; zinc takci th'; form of a lar^ sp^ngj mass, which the 
U':i<l /'ornpr'rH-ion n-n'l':rs brilliant. Ma^esium does notprecipi- 
fat/; fiUiitihn'uirn ;tt ;tl1, anri chromium and manganese, as already 
twni'unii'Mt it prcijiitatcs as oxides. It does not precipitate 
iiifjuif. or fifif irnony, thou;^ it decomposes their salts, the arsenic 
or iiiiliriiony Hyiu;^ off in combination with hydrogen. M. Rous- 
mIii mIiowh f.h.'it ^rc<'it advanta<;^es result from the substitution of 
iiiM/nir-Mliiin for the metals ordinarily employed in toxicological 
ri- i'-.ivrUi'H for Ihe th^tcction of these and other metallic poisons; 
tiiil iiilo tJKit jiail of his subject it would be beyond our province 
to fullow liini. Mis only further statement respecting magnesiom, 
(Mtlliii;^ for MUMiMoM hi^re, is one relating to its use as avoltuc 
I'loiiii'iil. •• ThcHorc^^oing qualities,^ he says, " encouraged the 
liM|io (liiit II substitution of ni:i;::nesium fqr zinc in ordinary piles 
UMiilil oiVor a j^ri'jit <'lootnMnotive force; and experiment con- 
llitniMl litis t)u*ort*tiotil inference. A small plate of magnesionL 
0. 1 }xvi\\\\ til wei^xbt, ]>1:iood beside a plate of copper in a small 
lul»r ol* jjl;i'is i»|' six ciMiti metrics cube, filled wiUi acidulated cop- 
pt'i'. im'imIuimmI in less than ten minutes an electro-magnetie ap* 
jv njuoo. i\\u\ illuminated a Goislor*s tube ten centimenes ka*. 
It' n\.»'tMe>inm should ever boivnio cheap, this woold deodedlr 
t»o \\w W^\ \xi»v of imHhu'iuir oUvtrioity."' 
h\ i\ \u^w 1.^ lus ^v»|vr. M! Kon^in states that he has ohs^rrel 
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of manganese/^ he adds, ''is opalescent and crystalline; that of 
chromium more fluid, and less variable at ordinary temperatures. 
When the latter is heated in a small porcelain capsule in the air, 
as the mercury flies off in vajpor it carries off mechanically with 
it particles of chromium, which take fire, producing a singular 
scintillation, which is best observed in a darkened room. At 
length the chromium remaining in the capsule suddenly becomes 
incandescent, and bums to oxide.^' — Mechanics'* Magazine. 

BUBNIKG OF A FSICTIOK HATCH. 

Among the varied operations of the arts there is perhaps no 
other involving so many chemical and physical changes, and so 
many philoso^ical principles, as the burning of a friction match. 

First in importance is the intense afiOuiity of phosphorus for 
oxygen, as it is this property which m£&es a friction match possi- 
ble. This afiinity is so strong that when phosphorus is exposed 
to contact with uie oxygen of the atmosphere at ordinary tem- 
peratures, the two substances combine slowly, generating light 
which is visible as a faint glow in the dark ; and if the temperature 
is raised to about 120°, the combination goes on with that rapidity 
which we call combustion. It is easy to produce this degree of 
temperature of friction, — hence the possibility of the friction 
match. 

It is necessary, indeed, to modify the inflammability of phos- 
ph6rus for its use in a friction match, and this is done by mixing 
it with a little gum. The gum also protects it from slow combus- 
tion in the atmosphere. 

The flame of phosphorus, though intensely hot, will not set fire 
to pine wood ; it is, therefore, necessary to interpose some sub- 
stance more readily inflammable than wood : the substance usu- 
ally employed is sulphur. Fine wood ignites at a temperature of 
about 60(r, and sulphur at 450° to 500°. The phosphorus, in 
burning, kindles the sulphur, and the sulphur flame sets fire to 
the wood. 

The refusal of the phosphorus flame to kindle wood is fruitful 
of suggestions. The quantity of heat generated by the burning^ 
of any substance is in proportion to the quantitr^ of oxygen with 
which the substance combines. One atom of phosphorus, in 
burning, combines with five atoms of oxygen, producing phos- 
phoric acid, P O5. The atom of phosphorus weighs 32, and the 
atom of oxygen 8, so the proportion by weight is 32 pounds of 
phosphorus to 40 of oxygen. Sulphur, in burning, combines with 
oxygen in the proportion of one atom of sulphur to two of oxy- 
gen, S O2, and, as the atomic weight of sulphur is 16, the propor- 
tion by weight is 32 of sulphur to 32 of oxygen ; consequently 
phosphorus should generate more heat in burning than sulphur. 

A^ain, this law is modified by either the oxygen or the com- 
bustible undergoing a change of form in combining. If a sub- 
stance is changed from the gaseous to the solid state, heat is 
evolved ; if from the solid to the gaseous, heat is absorbed. ^ 
phosphoric add is a solid, while sulphoroos acid la a ^^ 
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ph«>ni«. in bnrnlnsr. chancres the oxr^n, with which it combines, 
In Mil tho <r^«4^ni4 to the 9o1i(l fnnn, thus increasing the quantity 
of h«'.it (r«'ii(*mt*il : while j«ulphur, in burning, is chan^d from 
thi* «««Uii to thi* j^<««niis !itite, thus absorbing heat, and dinunish- 
ing tho qunniity pnxliiooti by the combustion. 

Tho!ik* thoon'tioal views h:ive been confirmed bj careful experi- 
ment. The results obtained by Andrews fW>m his elaborate 
invf<ti<rations were. th»t I pound of phosphorus in burning to 
pho-^phorio Aoiii (Tenemtes sutBeient heat to raise the temperatnre 
of .'>.747 ihtumls of water 1® C. ; while 1 pound of sulphur, in 
buniin^. rai>e!i the teniivrature of only 2,220 pounds of water 1^ 

liut It is not the quantity of heat that is to be considered in this 
case, but the intensity; 'which is in proportion to the quantity 
ci^ntained in a eubie inch or other given volume. This, howeTer, 
only incn'ases the diflleulty, for the phophonis flame being con- 
dens«Hi to a Si>Iid, while tliat of sulphur is diffused as a gas, the 
intensity of heat ought to be still more in favor of the phosphonu 
than tlie quantity. 

The usual explanation given for the failure of wood to ignite m 
a phosphorus flame is, th:it the surTice of the wood is instantly 
G«>vered by a tilm of phosphoric acid, which protects it from com- 
bustion. As we have no better explanation to offer, we raise no 
obieotinns to this. 

^rhe pnttUiots of combustion, then, in the burning of a match, 
are, first, phosphoric acid from the burning of the phosphoms; 
tlien snlphun>us aeid, fmm the burning of the sulphur; and, 
finally. oarlx>nie aeid and water fnmi the bnming of the wood. 

This is far from being an exhaustive examination of the sub- 
ject. The Iiydn^gen and carljon of the wood do not combine 
directly with the oxvgen of the air, but the wood first undergoes 
destnietive distillation, with the production of several hydrocar- 
lM>n gases, which rise in the air and province the flame' by their 
ci>ni bust ion ; and, after the wood is burned, the ash that is left 
iH'liind is made up of some sixteen elements, combined with oxv- 
gen in various projwrtions. The activity of the burning, also, is 
mereased by adding: to the paste some substance containing 
oxypen which is heul by feeble affinity, and which is, therefore, 
readily given up to the sulphur, phosphorus, and wood. Among 
the substances employed for this office are saltpetre and the pe^ 
oxides of lead and manganese. In a complete examination of 
the reactions of the combustion, the decompositions of these oxi- 
dizing agents, with the resulting compounds or elements, would 
demand consideration. All that might be said in relation to the 
burning of a friction match would fill a large volume. — ScUnfifo 
American. 

OXIDATION OF VEGETABLE OILS. 

a memoir upon this subject, read to the Academy of Sciences 
*48, M. Cloez announces the following results of his experi- 

and observations : — 

" *t all the fat oils absoT\> oxTwexi feom V3cv^ ^vc> ^zccv^xcssstMUMt. 
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placed under ihe same circumstances, and for the same oil under 
different circumstances. 

2. That the height of the temperature exercises a very marked 
Influence on the rapidity of the oxidation. 

S' That the intensity of the light also manifestly influoncos the 
phenomena. 

4. That li^ht transmitted by colored jglasses chocks more or 
less the resinification of the oils by the air. Starting from color- 
less glass as the term of companson, the decrease of oxidation 
is in the following order: Colorless, blue, violet, rod, gruim, 
yellow. 

5. That, in darkness, the oxidation is considerably rutardod ; it 
starts later and progresses more slowly than in liglit. 

6. That the presence of certain materialH, and tlio contac^t witli 
certain substances, accelerate or retard tliis effect. 

7. That, in the resinification of oils, there is l>otli a Iohh of car^ 
bon and hydrogen of the oil, and an absorption of oxygon. 

8. That the different oils, in oxidizing, fumiHh in gonoral thtt 
same products, — volatile acid com|>ounds, liciuid an<l f«olid fat 
acids not altered, and an insoluble solid mat<;rial, whicli appiMirN 
to be a definite proximate principle. Oils oxldixt^d in the air no 
longer contain glycerine. 

9. The drying and non-drying oils are not chemically diNtingulMlt* 
able. All contain the same glyceric proximate priucipieM, but Iti 
different proportions. 

PEBOXIDB OF HTOROOICIC. 

• 

Professor Schonbein has discovered a new and very reaily 
method of procuring the peroxide of hydrogen. It lamnUiM 
simply in agitating, in a large flask, to whimi air Uuh imi'MM, 
amalgamated zinc, in powder, with diHtilled watiir. Oxygon in 
then absorbed by both the zinc and the wat<;r, with fonnation of 
oxide of zinc and peroxide of hydrogen. Tiie peroxide of iiydrogen 
obtained by this method, unlike timt obtained by the ordinary 
process, is quite free from acid, and fU> may lie kept for a long 
time without decomposition. It does not contain, moreover, a 
trace of either zinc or mercury, but is absoluUdy pure, TidH new 
process has therefore great advantages over the old proettMM of 
preparing peroxide of hydrogen, l>oUi as l>eing far sirnpier and 
more expeditious, and as vielding a much puror produ(;t ; imt it 
is almost as far as the old process from yielding peroxide of 
hydrogen cheaply enough for use in the axis, 

OZOVE. 

The Paris correspondent of the ''London Chemical Kews^ 
writes as foUows : — 

** The rumor which you helped to spread abroad that Schonbein 
has succeeded in isolating ozone and auU^xcme., «X\x^&a:\k\\> >&u 
seems, the notice of the Scicntiiic Aaaocia^ou. oil ^r^xw^Ai^^ «k.w\>2cA^ 
learned body invited Schonbeia to oomid to ^«ix\» va^ <6i;2q&Xj^ 
18* 
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exporimonts to tho wondering gaze of Fftrisian savans. Sdion- 
benrM r<'ply given us tlie exact state of his knowledge or belief on 
the subject, and is worth communicating to English chemists. 
He says th:it he has been engaged almost exclusively, and with- 
out interruption, in the-stndy of oxygen for thirty years, and 
during this time he has discovered a number of facts which allow 
of his drawing the following conclusions : 1. That oxygen may 
exist in tliree different allotropic states. 2. Two of these states 
are active, and opposed one to the other : he designates one of 
them ozone, and the other antozone. 3. £qaal quantities of 
ozone and antozone neutralize each other to form ordinaiy 
neutral or inactive oxygen. 4. Ordinary neutral oxygen may fa« 
split up or transformed, half into ozone and half into antozone. 
The experimental demonstration of the truth of these oonclosions, 
however, he admits, is not so simple, — as, for example, the com- 
position and decomposition of water; and he adds that tiie ezpe^ 
iments necessary for their logical deduction would occupy more 
time than could be devoted to a single lecture. * Some scientific 
journals,* says Schbnbein, ' have been badly informed, when they 
asserted that I had succeeded in isolating ozone and antozone in 
a state of purity. The assertion is without foundation. It is true, 
that, for a Ion or time, I have made a great number of attempts to 
arrive at this oosirable end ; but always without complete success. 
Ozone and antozone are always mixed with neutral oxygen, from 
causes closely associated with the genei'ation of the two active 
modifications.* The Professor concludes his letter by offering to 
come to Paris, should it still be desired, and if his health permit, 
and give a short course illustrative of the whole subject.* It is to 
be hoped he will be invited, and, while here, perhaps he might be 
induced to go on to London, which I do not think he has visited 
since the year he announced his discovery of ozone. ^ 

Dr. Daubeny, before the British Association, 1866, made a com- 
munication on ozone. He considered, first, the dependence of the 
amount of ozone present in the atmosphere on the direction of the 
wind, and proved, by tables registering the quantity during a pe- 
riod of eight months, that in Devonshire it abounded most dunng 
those winds which blew from the sea. He then proceeded to show 
that the ozone present in the air was derived partly, at least, from 
plants, the green parts of which generate ozone when they emit 
oxygen. By observations made on fifty-seven species of plants, 
representing fortv-seven natural families, it was concluded that a 
ceitain amount of coloration was produced upon Schonbein^s paper 
by leaves during the continuance of solar light, beyond what coold 
have been brought about by light alone, but that this coloration 
did not go on progi*essively at any definite rate, and even in ce^ 
tain cases diminished after a longer exposure. Precautions were 
taken to exclude from the air of £e jar anv ozope that might come 
from without. Then the effects produced upon the paper placed 
**» tubes exposed to different light, and in entire darkness, were 
4ed, It was shown that, ozon^ ^«ia ff«view.\fc^\s^ ^^^\^7»j^^^,<?j^^ 
d not by the flowers o? pVatita \ mA, o^ VSaa ^\tfJva^^ ^«^\&!tii^>& 
fairly preeumable thafc pVauta w«i Vii^ ^wq^vla^^ ^%^^o« 
te'^iStoriQg the oxygen ^V^^^ ••^^^^^ ^T^x«.^^.>«^ 
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generating ozone for removing those noxious effluvia which arise 
from the processes of animal life and putrefaction. 

Mr. Glaisher then proceeded to relate the results of experiments 
in ozone, made by hun in London at the time of the cholera, 1854, 
which were, that where the test-papers were discolored, there 
death was extremely rare, and vice versa. 

Does ozone exist m the atmosphere P That is the question asked 
by Admiral Berigny, of the French Academy of Sciences, who, 
; mer haying patiently made what he conceived to be ozonometrio 
observations for the last ten years, and assisted M. Le Yerrier in 
I selecting stations for similar observations all over Paris, and in every 
;! department of France, has been brought at last to doubt whether 
I tJie observations are good for anything ; so he beseeches the Acad* 
7 emy to appoint a commission to settle definitively, — 1. Whether 
ozone exists in the atmosphere P 2. Whether Schbnbein^s or any- 
body else's papers prove the presence of electrized oxygen P and, 
lastly, whether an easy and reliable method of detecting it could not 
be devised P The Academy appointed a commission composed of 
Chevreul, Dumas, Pelouze, Pouillet, fioussingault, Le Verrier,Val- 
liant, Fr6my, and E. Becquerel, whose report will no doubt scat- 
ter popular notions on -atmospheric ozone to the winds. 

To say the truth, the evidence in favor of the presence of ozone 
in the atmosphere is, as M. Fr6my showed to the Acadeniy, of 
^e most doubtful character. M. Fr^my said that he knew of only 
one certain test for ozone in the air, and that was the oxidation 
of silver, by passing a current of moist air over the metal ; and 
this test he had applied many times without any indication of 
ozone. We are very far from being acquainted, he said, with all 
the bodies held in suspension in the air, and, consequently, igno- 
rant of the action they may exert on iodide of potassium. May 
not, he asked, this salt become alkaline, or set tree iodine under 
other influences besides that of ozone P He did not deny the fact 
of its presence, but he asked a positive proof of it. Such a proof 
is required ; for, seeing that ozone is instantly destroyed by or- 
g;anic matters, and absorbed by nitrogen, it is difficult to under- 
stand how such a body can continue to exist in the air, which con- 
tains precisely the elements which would at once change the 
ozone. As regarded the test-papers he asked, what use there 
could be in a reagent which was affected not only by ozone, but 
by the oxygen compounds of nitrogen, by oxygenated water, by 
ammonia, by formic acid, by essential oils, by the acid products 
of combustion, by dusts, — in a word, by all sorts of things which 
are held in suspension in the air. — Druggisffi^ Circular ^ 1866. 

Our actual knowledge of the volumetric relations of oxygen, 
says M. Soret in a note presented to the French Academy, is lim- 
I ited to the following facts : 1. That ordinary oxygen diminishes 
I in volume when a part is converted into ozone. 2. That when 
i ozonized oxygen is treated with iodide of potassium or other oxi- 
1 dizable matter, the ozone disappears without any alteratioinlKiLtba^ 
/ volume of the gas. 3. That under the inflaeiicfe o^V^-aX,^ qi*w3^^ 
oxygen andergoes an expansion equal to ^^ 'vo\\iLTCL'ft >QcL'B^,V5afe v**^^ 
absorbable by iodide of potassium woiiVd oco\»p^ . life^ajc^ 
moleoulm of ordintay oxygen aa oompoBftd ol Vwo ^tooA ^ 



212 ANNUAL OF SCIENTIFIC DISCOVERT. 

thn Author oonsidcrft the molecule of ozone as consisting of three 
atoms fif 0(),() occupying the same space as the two. Treated 
with Iodide of ]M»t£issiiim, ozone loses one atom of O without any 
chati<i^c of volume ; &ubmitt(*d to heat, the volume is increased by 
onii-half. Thus the theoretical density of ozone should be one 
and a-Iialf times that of ordinary oxygen, or 1.6d8 ; and the an- 
tlior (M>nsiders he has experimentally deoionstrated that sach is 
tlie f:u:t. 

Dr. B. W. Richardson, in a paper read before the British Asso- 
ciation for the Advancement of Science, at its late meeting, 
ol)scrved that tlie following are the reliable facts known up to this 
time respecting ozone : 1. Ozone, in a natural state, is always pres- 
ent in Ui(t air in minute proportions, viz., one part in ten thousand. 
2. It is dcstnn'cul in large towns, and, with special rapidity, in 
crowded and filthy localities. 3. Ozone gives to oxygen prop- 
erties which enal)le it to support life. In this respect it acts like 
h(;at ; its efTccts are destroyed by great heat. 4. Ozone, diffused 
through air in minute quantities, produces, on inhalation, disdncC 
symptoms of acute catiirrh. 5. When animals are subjected to 
ozone in large quantities, the symptoms produced, at a tempera- 
ture of 75°, are those of inflammation or the throat and mucoos 
membranes generally, and at last congestive bronchitis, which, in 
carnivorous animals, are often rapidly fatal. 6. When animals 
are subjected for a long period to ozone in small proportions, the 
agent acts dilferently, according to the animal. The camivora 
die, after some hours, from disorganization of the blood separa- 
tion ; but the herbivora will live for weeks, and will suffer from 
no acut^) disease. 7. The question whether the presence of ozone 
in the air can produce actual disease, must be answered cautionslT. 
Science has yet no actual demonstrative evidence on the point. 
But the facts approach to demonstration that catarrh is induced 
by this agent. All else is as yet speculative. 8. During periods 
of inttmse heat of weather, the ozone loses its active power. 9. 
On dead or<^anic matter undergoing putreftiction, ozone acts rap- 
idly ; it entirely deodorizes by breaking up the ammoniacal pro- 
ducts of decomposition. At the same time it hastens the organic 
destruction. 10. There is an opposite condition of air in which 
the oxygen is rendered negative in its action, as compared with 
the air when it is charf^cd with ozone. Air can thus be rendered 
negative by uKirely sulyecting it, over and over again, to animals for 
respiration. The puntication of such air from carbonic acid and 
other tiingil^le impurities does not render it capable of supporting 
hi^althy lite ; but ozone restores the po we r. In a negative condition 
of air, the purilication of the organic maf^r is greatly modified, and 

the offensive products are increased. Wounds become unhealthy 
..-.1 1.. .1 _i _..i.. I 1 .. f_ --. m ^ • demonstrative 




neg- 
diseases 

which show a putrefactive tendency are influenced injuriously by 

■v negative condition of the oxygen of the air. It is also probable that, 

iiriugthis state, decomposing organic poisonous matters become 

lore injurious. 12. Aa ozone \a vvaea xKg va. six^wded localitieSk 

•id M it 18 eBsenUal tli&t ozotiq «\io\]Xdi \>^ ouiks^M^^ voc^g^j^^^si^^ 
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I order to sustain the removal of decomposing substances and their 

' products, no mere attention to yentilation and other mechanical 
measures of a sanitary kind can be fully effective, unless the air 
introduced be made active by ozone. Fever hospitals and other 

i large buildings in towns should be artificially fed with ozonized 

; air. 

Ei ANTOZONE. 

^ The vapors accompanying the slow combustion of phosphorus 
^ have, by certain chemists, been regarded as phosphorous add. 
^ M. Schbnbein considers them to be nitrate of anmionia ; while M. 
Meissner, again, sees in them antozone. With a view of clear* 
ing up this point, M. Osann has passed these vapors into solutions 
of ammoniacal nitrate of silver and alkaline solutions of oxide of 
lead. In the first place, a black precipitate was obtained; this 
^ precipitate contained, on an average, 97.28 of silver to 2.72 of 
^ oxygen, which composition corresponds to the formula AgsO. 
^ The author at first thought that the oxygen contained in this pre«« 
,^ dpitate was ozone, which, having more powerful affinities than 
'jj orainary oxygen, had displaced me latter in the oxide of silver; 
^ but the oxidizing nature of ozone has caused him rather to attrib- 
ute the formation of this body to a deoxidizing action such as 
produces antozone. He afterwards passed the same vapors, first 
into an alkaline solution of pyrogallic acid, to retain the ozone ; 
then, partly into one of WooLTs bottles containing a Uttle water ; 
partly into an ammoniacal solution of nitrate of silver. In this 
case the same precipitate was obtained, though all the ozone must 
have been absorbed by the pyrogallic acid. 

The water in Woolf ^s bottle, which had remained in contact 
fvith the vapors from the phosphorus, was shaken with blued 
tincture of guaiacum, which immediately lost its color. The 
same thing happened with nitrate of ammonia and oxygenated 
-water, but much more slowly with the latter, though it was highly 
; concentrated. Hence the author does not hesitate to say, that, in 
[ his experiment, the decoloration was due to nitrate of ammonia ; 

* and, consequently, he attributes the vapors produced during the 
^ slow combustion of phosphorus to the formation of this body. — - 
^ ' JourjudfUr Praktische Ohemie, 

^ Mr. Alfred B. Catton, after stating the reasons which have 

* induced him to adopt the hypothesis of Prof. OdHng on the nar 
■ ture of ozone (** Chemistry Manual" of 1861), mentions the exper- 
^ iments which establish the existence of antozone. He then 
V considers its properties in detail, so far as they have been hitherto 
f* observed by Sch5nbein and Meissner, and shows that they all lead 
J* to the conclusion that antozone is peroxide of hydrogen, in which 

the hydrogen is replaced by oxygen, or representing peroxide of 
hydrogen by the formula 



S £ O O (O = 16), in accordance with the views of Sir Benjamhi 
J^ Brodie ("Phfl. Trans.," I860), 

I Antozone is 6 O O. """t"^ 

r Frof. Odling represents ozoUe by tibe toTm\i\ai O u O • 
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Tho production of ozone and antozone by the passage of « 
trio PpArkfl, or the silent dischar^^ thix>ugh dry ozjgen« is 
repnsseuted by tho following equation : — 

Free Oxygon. Oione. Antonme. 

+o^dr + ^o = o> o oT-j. 600 

8UMKABT OF CHEMICAL HOVELTIE8. 

Trangformation of Nitrate of Soda into Nitrate qfPotath.- 
Condune has patented the fdllowinj^ processes : He makes 
centrated and equivalent solutions of nitrate of soda and chk 
or sulphide of barium, and mixes the solutions. Nitrate of h« 
whi(*h is but i^mringly soluble, is precipitated. It is well was 
and then boiled with sulphate of lead, whereby nitrate of lead 
sulnhato of baryta arc produced. Tho nitrate of lead is now b( 
witn sulphate of potasn, and so nitrate of potash is formed, 
sulphate of lead reproduced. 

Production of Oxalic Add. — Three French chemists, MM. I 
ent. Cast heeler, and Basset, have succeeded in obtaining o: 
acid from the waste of shoemakers* and saddlers^ shops, and 
era, where leather is used ; also from woollen raes, horn, hair, 
For this puq)osc, these residues are treated wi£ one part of 
phuric acid and four of water ; and the mass thus obtained is 
jectcd to the action of one part of nitric acid and three of wi 
at a tompcniturc of 80° C. From the digestion of this, oxalic 
is canily cxtnicted. 

Process for the Condensation of Ammoniaeal Oas, — Enab 
found that chloride of calcium absorbs its own weig'ht of anus 
acal gas, which is again evolved on the application of heat, 
chloride will serve an indefinite time. M. knab considers tha 
discovery will be found very useful. 1. Because chloride of 
cium saturated with ammonia is dry powder, easy of trans; 
2. Because chloride of calcium is of very little value. 3. Yi 
water will only hold in solution 20 per cent, of ammonia, 
chloride will hold 50 per cent., so that the cost of sending 
monia about will be greatly diminished. 

On the Action of Metalloids upon Glass, and on the Present 
Alkaline Sidphates in Glass. — M. Pelouze, finds that. 
All commercial glass contains sulphates. 2. Glass made f 
materials not containing sulphates is not colored by carl 
boron, etc. 8. Sulphur and sulphurous minerals impart a yel 
color to pure glass. 4. The color produced in glass by metall 
is entirely due to their reducing power. 

Bla>ck Color of Tea. — A black color is often conmianicated tc 
by moist brown sugar ; this is produced by tlie presence of a 
nute quantity of iron in the sugar, which combines with the tai 
acid of the tea, forming the very black tanuate of iron. This 
is obtained duiing the manufacture in iron vessels, and is ra 
wholesome than otherwise. 

Analysis of Hailstones. — The results of Professor Reichai 
analyses of hailstones ace publi&bftd m Ko. 6 of the '* ChemiB< 
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^ Centralblatt." The specimens examined weighed from 1.86 to 
-K' 4*65 grains, the specific gravity, which was ascertained by floating 
them in alcohol of known density, varying between 0.9285 for the 
k transparent and 0.9234 for the opaque nailstones. Tested for 
. nitrous acid with Schonbein^s iodide of starch papers, a negative 
^: result was obtained, in spite of the great sensitiveness of the pa- 
pers. 1,000,000 parts of hail were found to contain 8.247 of am-v 
Q monia and 0.526 parts of nitric acid. This agrees tolerably well 
witli Boussingault^s analyses, which gave in 1,000 parts of rain- 
■f- water 2.16 parts of anmionia. 

^•.i To Dded Sulphuric Acid in Vinegar, — If into pure vinegar 
^ starch is introduced, then the adding of a minute portion of iodme 
3 will change its color to a blue tint ; but, if sulphuric acid is pres- 
Eft ent, no such reaction wjU take place, for the resultant of starch in 
iff its presence is glucose, a substance not affected by iodine. 
r^ JXubidium and Ccesium. — Schrotter has devised a new process by 
i£ which both the above metals, and lithium as well as thallium, may 
be readily extracted from the lepidolite of Moravia and the mica 
fii of Zinnwald. It consists in transforming and separating them in 
u the form of alums, by their difference of solubility in water. By 
I this method, the first trials, on a large scale, yielded, from a ton 
: of mica, 62 lbs. of carbonate of lithia, and 13 lbs. of the mixed 
r chlorides of rubidium and coesium, together with an appreciable 
qiumtity of thallium. 

ExcdUnt and Cheap Ink, — Dissolve in about 4 gallons of hot 
wnter 3 ounces of solid extract of logwood ; to this add i ounce 
of bichromate of potash, dissolved likewise in a little hot water. 
As soon as the liquids are mingled, they assume an intense purple- 
ish-blue color, and the ink thus prepared may be used at once ; it 
acquires a black color on the paper while drying, and does not 
corrode steel pens, and does not fade. The cost of materials is 
about three cents per gallon. 

New Oreen Pigment. — Vogel describes a new color, "Green 
Cimiabar,'' which is prepared in the following way: Prussian 
blue is dissolved in oxalic acid ; chromate of potash is added to 
the solution, which is then precipitated with acetate of lead. 
The precipitate, well-washed, dried, and levigated, gives a beau- 
tiful green powder. By varying the proportions of the three 
solutions, various shades of green may be procured. Chloride of 
barium or nitrate of bismuth may be used in place of sugar of 
t lead. 

; Solution of Silk. — A solution of silk may be made by boiling 

^ it with a concentrated solution of chloride of zinc over an excess 
of oxide of the same metal, until it no longer discolors the tinct- 
ure of litmus. By dialysis, the silk may be obtained again in a 
: colorless inodorous foni. \ 

5 Test for Cane Suaar. — H. Leplay observes that the sugar of 
j^ grapes blackens bichloride of carbon, while cane sugar does not. 
. — Xe9 Mondes, Dec. 14, 1865. 

Artificial Cold. — Mr. Clowes finds that when sulpho-cyanide of 
^ anmionium is dissolved in water, intense cold is produced in a 
^ short time, the atmospheric moisture beiixg dei^^osaiu^^ \!^<^ V^^sast 
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firost on the sides of the vessel. From triala with differ 
portions, he foand that the mixtaro of equal parts by wei< 
the most intense cold. By mixing 1368 gprains of the salt 
weight of water at 17® C. a cold of — 12^ C. was obtaii 
temperature of the atmosphere at tlie time of the experin 
the same as that of the water employed. — Quarterly Jo 
Science, Ajnil, 1866. 

Chemical Poisoning, — M. Melsens states, in " Comptes 1 
that chlorate of potash and iodide of potskssium may be 
tiTcd in considerable quantities in succession to uoct, 
injuring thorn ; while, ii' they are given simultaneously, 
' mals are poisoned, apparently bv the formation of iodate c 
lie observes that the two salts do not react in this way ud 
nary circumstances, but they do so in strong acid sok 
when in fusion, and when mixed and decomposed by th' 
pile. 

Orange-colored Dye from AniUne. — Mr. Jacobsen m 
aniline in the usual way by the action of nitrate of nn 
aniline. The residue is then purified by boiling the resi 
posit, crystallizing the solution. The mother fiquor of 
tals contains small quantities of dyes of different colo: 
large proportion of orange dye. The orange is isolated 1 
of common salt, which precipitates the other colors an 
the orange in solution. The dye is afterward extrac 
alcohol. The color is a golden orange, which readily i 
and wool, and Mr. Jacobsen speaks of using it as a sort o 
for optical instruments and on tinfoil. — Cosmos. 

Chrome Avaniurine Glass. — Under this name, M. Pel 
scribes a beautU'ul variety of ornamental glass, com] 
follows : sand, 250 parts ; carbonate of soda, 100 parts ; c 
of lime, 60 parts ; bichromate of potassa, 40 parts. T 
melts with greater diiBculty than that without the bichr* 
of a deep green color, and full of small spangles, cr; 
oxide of chrome, which sparkle with a brilliancy inferio' 
the diamond. 

Tests for Carbolic Acid. — Carbolic acid is now largely 
a disinfectant, for which it is pre-eminently fitted, espc 
cases of cattle disease. It appears that a spurious aiti< 

Eosed of oil of tar, utterly valueless as a disinfectant 
ein^ imposed on the public. Mr. W. Crookes directs 
to this fraud, as well as to the following means by whic 
be detected. Commercial carbolic acid is soluble in fr< 
70 parts of water, or in twice its bulk of a solution o 
soda, while oil often is nearly insoluble. To apply the 

1. Put a teaspoonful of the carbolic acid in a bottle, p< 
half a pint of warm water, shake the bottle at intervals 
an hour, when the amount of oily residue will show the i 

2. Dissolve 1 part of caustic soda in 10 parts of warm wj 
shake it up with 5 parts of the carbolic acid ; as before, 
•ine will indicate the amount of impurity. These tests 

Bientifically accurate, but sufficiently so for commoi 
fec4. Mag., April, 1866. 
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\t Ancient Stained Olasa. — It has been found that the colors of 
v ancient stained glass may be completely restored by leaving it 
K immersed for several days in a solution of carbonate of soda, 
f which dissolves away the organic matter to which in part the 
H ' dimness produced by age is due, and then immersing it for several 
a hours in dilute muriatic acid to remove the mineral substances, 
which also impair the brilliancy of the colors. 

Magnesium. — Magnesium light contains an extraordinary pro- 
portion of ultra-violet or chemical rays, this part of the spectrum 
between the extreme violet and the extreme red bein^ six times 
as large as usual, and it is particularly efficient for producing 
fluorescent and photographic effects. Very remarkable fluor- 
escence mav be obtained by exposing to the light a paste made 
of powdered platino-cyanide of barium and ^um arable. 

Nature of the Diamond. — Goeppert, in his published essay on 
the ** Organic Nature of the Diamond,^^ shows that it cannot be of 
igneous origin ; for it turns black when highly heated. Moreover, 
it contains sometimes, beside other crystals, germs of fungi, and 
yegetable fibres of higher organizations. 

American Sienna, — A valuable repository of this precious pig- 
ment exists in the town of Whately, Conn., which will soon be 
brought into extensive use. 

Passive State of Metals. — The so-called passive state of metals 
has been proved by Dr. Heldt to result from the formation of an 
insoluble film, differing in different cases, but always protecting 
the metal from the attack of the acid or other solvent. 

NEW AND BABE MINEBALS. 

Laurite ; a New Mineral. — Wbhler has discovered among the 
fine-grained platinum ore from Borneo, a new mineral, a sulphide 
of ruthenium and osmium, to which he had given the name of 
Laurite. It occurs in small grains of a dark iron black color and 
high lustre. Most of the grains are true crystals, and Sartorius 
has recognized the mineral to have the form of the regular octo- 
hedi'on, in some instances showing cubic, tetrahexahedral, and 
other i)lanes. It is brittle, yielding a dark gray powder on pul- 
verization ; hardness above that of quartz ; specific gravity 6.99 ; 
decrepitates when heated ; infusible before the blowpipe. Analy- 
sis gave ruthenium 65.18, osmium 8.03, sulphur 81.79 (approxi- 
mate). Formula Ru2 Ss 91.8, Os S4 8.2. This is the first instance 
of the occurrence of a natural sulphide in the group of platinum 
metals. — Ann. Ghem. Pharm., 139, 116. 

Pachnolite. — Knop has recently discovered in the decomposed 
and weathered cryolite a new mineral, to which he has given the 
name of Pachnolite, from its resemblance to hoar frost. He gives 
the chemical composition as Fl. 50.79, Al. 13.14, Na. 12.16, Ca. 
17.25, H. 9.60 = 102.94. Dr. G. Hagemann, of the Alkali Works 
at Natrona, Penn., has examined this mineral, and fully confirms 
M. Knop's results. Cryolite is now largely imported to Natrona 
fi'om Greenland, for the purpose of manufacturing soda-ash, 
alumina salts, and other products. — American Jounvcd of Bcwem^^ 
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Hare Minerals, — CoBsinm, from ecemu " sky-colored," owiDgto 
two blue lines which it produces in the spectrum ; rubidium, from 
rubidua, *'dark red," owing to the existence in its spectrum of 
two red lines of remarkably low refran^ibility ; thallium, discov- 
ered by Mr. William Crookcs, which derives its name from ihaUot, 
•* a budding twig," symbolizing the green tint of budding Tegeta- 
tion ; indium, discovered by Reich and Kichter of Freiburg. All 
of these are duo to the introduction into science of a mode of 
invostigiition known as the spectrum analysis. 
. Position of Thallium in Classification. — Mr. Crookes persists in 
arran^ring thallium near lead, while Mr. Lamy is equally decided 
in placing it among metals of the first section. In a review of all 
the f:icts and considerations in the *' Journal of Chemistry and 
Pharmacy" (Nov., 1866), I have shown the possibility of resolv- 
ing the question by placing thallium with the alkali metals, bat 
also including with it lead and silver. This opinion confirms a 
theory brought forward twenty years since by Mr. Baudrimont, 
who even then ranked lead with barium. Now that we have an 
alum with a base of oxide of silver, isomorphous with the alom 
of thallium, that of potassium, etc., there is less objection to put- 
ting in the same group all these metals, although in other respects 
they are quite dissimilar. The facts mcntionea tend to show that 
thallium should be considered as establishing a point of union be- 
tween the alkali metals on one side, and lead and silver on the 
other. — J, Nickl^y in SiUiman's Jouimal, Jan.^ 1866. 

Spectrum of Didymium. — Prof. Bunsen has announced a new 
fact relating to the spectrum of the rare metal didymium. He 
has found tliat when the spectrum of this metal is examined by 

f)olarizcd liglit, the position of its well-known black absorption 
ines varies with the direction in which the light passes through the 
crystal, — a proof that the position of absorption lines is infiuencd 
by the physical structure of the bodies through which the li^ 
passes. 

Indium. — Reich and Richter have obtained enough of this new | 
elonumt, to determine its physical properties. It is a white metal, 
soft, ductile, not easily tarnished, melts at about the same point 
as lead, and gives a blue color to flame when combined with 
chlorine or sulphur. Its specific gravity is 7.277, and equivalent 
37.07, that of hydrogen bemg one. 

Kaehler has shown that in the zincblende of Schonfeld, near 
Schlaggenwald, the new metal indium is associated with tin and 
oth(?r metals in sufiiciently large quantity to be extracted there- 
from to the extent of several grammes. The blende is calcined; 
it is dissolved in sulphuric acid, and the solution is treated witii 
metallic zinc ; the indium is then precipitated, mixed with other 
letals, which are afterward separated. 

Alloclase. — Wo learn from "Cosmos" that a new mineral has 

Jen discovered at Oravicza, in the Banat, to which M. Tschermak 

w given the name Alloclase. The mineral is composed of sal- 

^*bur, arsenic, bismuth, and cobalt, in the mode expressed by the 

ormnla Co^ As^ Sg, in which it is supposed that one-fou]rth of 

^t^nh may bo repliwjed b^ axv \ic^\\\ c^^\i^\.^ <i€ bismuth, ft 
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forms rhomboliedrio crystals of a copperish ^raj color, fonnd in 
calcite, and accompaaied with acicular arsenical pyrites. Breit- 
haupt has confounded alloclase with glaucodote. — Reader, 

NATIVE LEAD FROM LAKE SUPERIOR. 

On the American continent — apart from its occurrence in the 
meteoric iron of Tarapaca, in Chili — native lead has hitherto been 
noticed only at one spot, viz., in a galena vein, traversing lime- 
stone (of unstated geological age), near Zomelahuacan, in the 
province of Vera Cruz, in central Mexico. The specimen from 
the locality now under consideration, was obtained at a spot near 
the celebrated Dog Lake of the Kaministiquia. The lead occurs 
in this specimen — the only one discovered — in the form of a 
small string in white, semi-opaque quartz. The quartz, which 
forms a narrow vein, does not appear to contain the slightest 
speck of galena, or any other substance, except a small quantity 
of specular iron ore ; and the unaltered appearance of the latter is 
such as to preclude the supposition of the lead having been de- 
rived from galena, or other lead compound, by artificial heat. The 
lead, when cut, presents the ordinary color, softness, ductility, and 
other physical and chemical properties of the pure metal. 

This discovery is interesting, not only from the extreme rarity 
of native lead, but from the fact that, in the few midoubted Euro- 
pean localities in which the metal has been found, the latter is 
genei-ally accompanied by gold. The quartz in which this speci- 
men occurs, has, curiously enough, the somewhat waxy aspect and 
other characters of the gold-bearing quartz of California and other 
auriferous districts ; and the geological position of the bounding 
rock, immediately above that of the Huronian strata, is in a meas- 
ure identical with the horizon of the gold-bearing rocks from which 
the auriferous deposits of Eastern Canada have been derived. No 

fold has hitherto been met with, however, in the sands of the 
[aministiquia and other streams of Thunder Bay. — Canadian 
Jowmal, November^ 1865. 

BORAX m GALIFORINA. 

Clear Lake is about sixty-five miles northwest of Suisun Bay, 
and about thirty-six miles from the Pacific Ocean. Borax Lake 
occupies a depression on the east side of the narrow arm of Clear 
Lake, from which it is separated by a low ridge of loose volcanic 
materials, consisting of scoriae, obsidian, and pumice. Borax Lake 
is of variable dimensions, according to the season of the year and 
the comparative dryness of the season. In Septenaber, 1863, the 
water occupied an area about 4,000 feet long and 1,800 feet wide 
in the widest place, irregularly oval, its longer axis turned in the 
direction of east and west, magnetic ; the water was about three 
feet deep ; it has been known to extend over twice this area, and 
has also been at times entirely dry. The water from this lake, in 
September, 1863, contained 2,401.56 grains of solid matter to thr 
gallon^ of which about one-quarter waA boxato ol ^^^\}cl^x<^\^^\& 
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S81.48 ffrains of the anhvdroas biborate* equal to 695.06 
taHisea borax to the gallon. The borax, bein^ the least 
substance contained in the water, has, in process of time, 
lized out to a considerable extent, and now exists in the 
of the lake in the form of distinct crystals of all sizes, froi 
scopic dimensions up to two or three inches across. Th( 
tals form a layer immediately under the water, intermr 
blue mud of varying thickness. It is believed by those ^ 
examined the l>ottom of this lake that several million pc 
borax may be obtained from it by means of movable coffi 
at a moderate expense. 

According to the San Francisco papers, dnrin^ the y 
this laJce supplied the local demand for borax to the an 
thirty to for^ tons, and afforded two hundred tons for shii 
New York. The borax is collected from the mud at th< 
of the lake, during the dry season, the vield in 1865 a^ 
about two and one-half tons per day. The crude borax, 
tadned, is so pure that the mint and assajers of the city 
preference to the refined article brought from abroad. — ^ 
Journal of Scieneet Marckt 1866. 
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SPECTRUM ANALYSIS. 



Hie Spectroscope and its BevelaUons. — WitMnthe last few years 
a new form of chemical analysis has arisen, which ascertains sub- 
stances by observation upon the color and properties which they 
impart to flames during combustion. It has been long known 
that the combustion or certain bodies gave certain colors to 
flames ; strontia, for example, affording the beautiful crimson so 
well known in pyrotechny. But no sure method existed of using 
the facts of conoibustlon for chemical investigations, until the in- 
vention of the spectroscope. Spectrum analysis enables us to 
detect the minutest trace of the constituents of substances burnt. 
It lias already discovered several unsuspected new metals ; has 

given us the power of analyzing bodies whose eomposition we 
ad not the means of ascertaining, and has proved to us that many 
of the elements of the earth are present in the inaccessible sun, 
and even in those more remote stars whose distance the most 
refined researches of astronomy cannot determine. 

The spectroscope is merely a prisin to which light can be 
admitted through a slit one-thirty-second of an inch wide, with 
apparatus for examining microscopically the spectrum or de- 
composed ray beyond the prism. When this is done, the spec- 
ti'um is found to be crossed by an infinite number of lines perpen- 
dicular to its length. These lines are called, from the name of 
the distinguished optician who discovered them, Fraunhofer^s 
lines. 

When the light coming from a white-hot mass of metal is 
examined by the spectroscope, its spectrum is found to be perfectly 
continuous and unbroken by any Fraunhofer lines. What is the 
cause of the lines in the solar light, and in what does that 
luminary differ from the incandescent mass ? 

In oraer to fathom this question, we must investigate for a few 
moments the case of artificial lights, such as ordinary flames, and 
those in which there are purposely introduced various elementary 
or compound bodies. The construction of the spectroscope must 
also be described. 

The spectroscope is sometimes a very complicated instrument, 
but, for ordinary analysis, quite a simple form may be used. It 
consists of a prism, supported on a stand. Two telescopes, of low 
magnifying power are attached by suitable supports. One of 
these is furnished with an eye-piece like any common spy-glass, 
but the eye-piece of the other is removed, and in its place is put 
a vertical slit. Opposite this slit the flame to be examined is 
placed. The light coming through the alit CcQ\£L\.\i^^LaK£L^^si^^ 

19* IIX 
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Upon the object-^lass of the first telescope, and its rays ore ren- 
denMl parallel ; it then passes through the prism, is refracted and 
decompused, and enters the second telescope, whence it falls upon 
the eye. Any fiame may be put opposite the slit, and its peculiar- 
ities examined, or, by the aid of a reflector, the sunlight may be 
cast on pai*t of the slit, so that we can see a solar spectiTim along- 
side of the flame spectrum. Or, we may have the spectra of the 
two flames at once, and compare them. The third telescope 
carries a scale. 

The use of a spectroscope merely inyolyes placing the substance 
to be examined m a spirit or gas flame, and then looking through 
the telescope to examine the spectrum. The nnmber, position, 
and color of the transyerse lines are always the same from the 
same substance. A person soon becomes experienced enough to 
state in a moment what bodies are present. 

Understanding, then, that yarious elementary bodies, when 
yolatilized in a name and examined by a spectroscope, giye spec- 
tra distinguished by bright-colored lines, soda by yellow, strontia 
by red, etc., the reader is ready to grasp the next idea in the 
investigation. 

If the light coming from such a source as a mass of white-hot 
iron, which is free from all Fraunhofer lines, be passed through a 
flame where soda is yolatilizing, before it is analyzed by the prism, 
instead of seeing the bright yellow lines characteristic of the soda, 
we shall find in their place two dark lines. In other words, the 
soda flame has interfered with tiie continuity of the spectrum of 
the white-hot body, and produced therein two Fraunhofer lines. 
If a number of substances are burning in the flame at once, we 
shall get in the spectrum an increased number of lines. A flame 
refuses to permit the passage of rays of the same kind as it emits. 
White liglit passing through a soda flame has the yellow rays 
sifted out of it. 

It is obvious at once, from such considerations, that wo can 
ascertain the constitution of the sun, both as regards his physical 
character and chemical composition. From the fact that the lines 
in his spectrum are dark, we infer that he has an intensely ho( 
solid or fluid nucleus, emitting light, and surrounded by an atmos- 
phere of flame in which there are many yolatilized bodies. If he 
were solely an ignited gas or flame, the lines of his spectrum 
would be bright instead of dark. 

As regards chemical composition, it is only necessary to a8ce^ 
tain what elementary substance can produce lines corresponding 
to those in the solar spectrum. We can then at once be sure that 
those bodies exist in the luminary. The presence of iron, 
sodium, and a variety of other matenals familiar to us here, has 
thus been proved. 

The reader will at once perceive what an important bearing 
these facts have on the construction and unity of the solar system. 
"MTe have shown that on two members of it — the sun and the 

rth — the same substances are found, and we may, therefore, 

er that all the rest are similarly composed — for no other two» 

Qnt flight, seem more \m\^ik&. 1\i<& vqol^ «sA«Sl^Sa tiiAi m'^ fpl 
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planets, with their satellites, are composed of the self-same 
elements. • 

In this place, it is interesting to refer to a theory by which such 
facts may be accounted for, and the reason of the similanty 
shown. The nebular hypothesis assumes that our solar system 
was at one time a gaseous mass, extending beyond the orbit of the 
farthest planet, Neptune. Its composition was necessarily uniform 
throughout, for the tendency of gases to diffuse into one another, or 
intermingle, would have n-ee play. In this nebula the tempera- 
tare was very high, for the elementary bodies were in a vaporous 
state in it, just as tiiey are at present in the sun. But as soon as 
the mass commenced to lose its heat, there were established cur- 
rents and a general movement of rotation, and on the exterior a 
shell, or, rawer, equatorial band of condensed materials began to 
form. The cooling and consequent contraction still continuing, 
the band was left behind, but it sooner or later broke, in one or 
more places, and aggregated into one or more globular masses, 
"Which continued their rotation as planets. 

The same thing occurring several times in succession, and rings 
of molten matter being left behind by the contracting gaseous 
mass, as it lost its heat, eventually all the planets, as we now see 
them, were formed, and the remainder of the nebula is the sun, 
still preserving the form partly of ignited gas, and partly, prob- 
ably, of a liquid or solid. It is, however, even now radiating its 
heat away and cooling, though slowly. After, perhaps, giving 
off a few more planets, whose orbits will not exceed in diameter 
his present size, the sun, according to the hypothesis, will be no 
longer visibly hot, and life on the planets will come to an end. 

•Kiis celebrated hypothesis has been very freely discussed, and 
has received much adverse criticism. Many strong objections have 
been urged against it, but the spectroscope confirms it. The 
reader will not be able to appreciate the full value of this support, 
until the constitution of the nebulse visible in the heavens has 
been spoken of. It will, therefore, be reserved for that place. 

But let us not confine ourselves in these observations to our ovm 
solar system. Let us see whether this little instrument, which is 
scarcely anything more than a small trian^lar piece of ^lass, 
will not enable us to establish a relationship with more distant 
bodies than the sun and planets, — with other solar systems far 
away in the abysses of space. 

To the nakea eye, there appear scattered over the sky at night 
a multitude of stars of various colors. Even in our best tele- • 
scopes they are only glittering points, and no glimpse of their 
chemical constitution could be presented before the spectroscope 
was applied to investigate them. We were satisfied that they 
shone by their own light, that they were suns, that they presented 
many analogies to our solar system, and also many dissimilari- 
ties. 

The stars, both single and double, when examined by the spec- 
troscope, are observed to contain substances well known to us. 
One of them, Arcturus, closely resembles our sun, as has been 
riiown by Bntherford. At Once we peroeW^ «iifi\lo^%\^ \^\:«^<^^ 
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lh--si xrA o::r •-wn earth, and are led to the noble idea that Katme 
o -•" ""■ "- • • '.r wr.- :>• ■ u: 1 1 the .-^ame uiaterials. Bodies, so dis- 
ti..-. ... i" •-..-■ :j.-:." :.-n:tr f^iU t."* ffive us an idea of their remote- 
tr--. J-- : :-:-". ^^ is w*:rr. into our grasp, and are analyzed 
w. :.-/.' r-».:.:y. We rvoi-^ize the same elements in them tiart 
or..:- -'■ i-T ^ 11 wc :n:-aJ. the wa:er we drink, the air we breathe. 
A:.i w..^; ;»rc ili'^o n::i:crials? Chemists enumerate to as 
e;\:-— i^r*: t-l.-m-viiVirT K-wli'-s, that is, substances not composed 
of a:.". :...:.* ♦1.^. ifcr.lthat cannot be further decomposed. Sock 
ar-.- t:*'- i.-.i.-r*: oxyiron, nitr«»ffon, hvdrogen, etc. ; the liquids: 
ni- T- iry. : - •n.lr.^. iio. : the s«jlids : sulphur, iron, gold, etc. One 
i* il::»».n iluits li^rlitt-r ih:in the air, another twenty-one times « 
h».4V; .V u.i:.T. Truly, Nature has variety enough to choose 
from! i-r *>*ii *.•( -ixtv^i^iit elements how" many combinations 
m.iy r.'-: '{-•; maiiv? hut this very variety creates at onceasus- 
|ilc[><n :i;:k: liie uliimaie elemencaiy bodies are not in fact so 
num> r>>'j«. 

Aiii'-i:i: ih»* rrasr.r.* f.»r diiubtinsr the multiplicity of elementaiy 
boiiii-s, ic m:iv he «:;itcd: 1. That nianv of them are so nearlj 
idiiiiii-al tha: it rtvjuire- a jt-kkI chemist to distinguish one from 
ani'tht-r. i'. That iu i*ur own timi'S a number of elements have 
bt.'iii fitricki-n fr>>ni the li^'t, having been found to be compoaod 
boilit-«. ;i. That by «|inie trivial means one elementary substance 
may U^ niaile to assume a I'urm having properties totally distinct 
from thii-it." it i-riirinally posst-ssod. 4. That we can form, from 
two orni'UV ilimt-nts. luidit-s which have the attributes of ele 
mi'nt<i. a la**- in jj-iint lic-injr cyanogen. 5. That the infinite variety 
of oriranic siiti^tanct'S, >\ic\\ as the various tissues of the bodies 
of animals anil plants, tliverse as they are, all are formed princi- 
pally f mm fiiur elementary liodies. A multitude more of such 
ar;^iiini-nts nii^jrht be advanced; but the pfenecal conclusion which 
tliey indicate can be summed up in a line. All the sixty-eight 
eh-inents may be cumpounds of perhaps only two or three ele- 
ments, — may even be modifications of a sing'lc typo of matter. 
But any further consideration of this part of the" subject would 
lead usinto an examination of the nature of matter, and its atomic 
constitution, and with that we have not room to deal. 

But we will penetrate yet a step further into space. The stars, 

it lias been statt^d, arc exceedingly remote. Let us examine bodies 

w) cli>tant that the stars are near neighbors compared with them. 

Clusters, resolvable n(;bulas, tiiie nebula;, shall carry us as far from 

■ the earth into .^pace as the eye can see. 

To the naked eye, or in a telescope of low magnlfyino^ power, 
there are visible in the sky certain patches of diffused^lioTit, diffe^ 
ing in appearance from the glittering st;irs. Some, wlien examined 
with a higher power, are seen to be resolved into an ao^oreo^on 
of stiU's ; some, by tlie use of the higlicst attainable ma<niitying 
power, on the finest nights, are with difficulty resolved, while 
;;i)me resist cveiy attemi>t. It is witli the last that we are more 
nirticularly concerned. 

TJie great refiectiug telescope of Lord Rosse is well known. It 
B gix fijet iu aperture, and ^t^^-Covn i^^K. Vxl €(^ca1 lau^g^i. By iti 
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ftid, nebnise that had, up to his time, been nnresolved, were sepa- 
rated into stars ; and from this circamstance the argument was 
advanced that all nebulae would yield to a sufficient increase of 
power, and be demonstrated to consist of stars, which, while in 
reality separated by immense distances, yet seem so closely 
packed together, that their light is blended into one mass. 

We have spoken of solar systems ; there are, according to 
these statements, also stellar systems, where, instead of a sun and 
planets, there are groups of suns. Our sun belongs to such a 
^roup of resolvable nebulae, the stars that we see individualized, 
and those of the milky way, being his companions. 

Seen at a great enough distance, our nebular or stellar system 
would present a flattened or liraa-bean-like shape, somewhat ellip- 
tical from one point of view, and like a narrow band from another. 
Is this group an'angement the only form in which luminous 
matter is found in the universe? 

Here, again, the power of means apparently trivial, but rightly 
applied, is shown. Once more the prism of glass solves a ques- 
tion, which hundreds of thousands of dollars expended in tele- 
scopes could not have settled. On applying the spectroscope to 
the investigation of the irresolvable nebulae, Huggins finds that 
some of them present the spectra characteristic of an ignited gas, 
that is, of a flame. The Fraunhofer linos in that case are, as we 
have said, bright instead of dark, as in the solar spectrum, and 
the evidence is of a very tangible and unmistakable kind. 

There are, then, in space, masses of imilted gaseous matter of 
prodigious extent, shining by their own light, containing no star, 
and resembling the nebulae, which the nebular hypothesis declares 
to have been the original state of our solar system. 

Now we can appreciate the assistance which the spectroscope 
has lent in establishing that noble conception of Herschel and 
I^aplace. It has demonstrated the unity of the solar system bv 
establishing the existence throughout it of the same elements ; it 
has shown *the same unity in the materials of the universe ; and 
lastly, it fortifies us in the belief that the theoretical conception is 
in process of realization before our eyes ; that we may see worlds 
in the act of formation. The spectroscope has also a bearing on 
a great geological hypothesis : the former heated state of our 
elobe. Geologists assert, from the presence in high latitudes of 
fossil remains of tropical plants, that the earth was once in a 
molten condition; that it cooled graduallv, and at one time 
reached such a temperature that the internal heat sufficed to main- 
tain a warm climate on every part. The polar regions were not 
then dependent on the sun for their supply of heat, but needed 
that luminary only for light. Vegetation was somewhat like that 
of a hot-house in the north in winter, with plenty of heat, but 
lacking li^ht for part of the year. 

By this nypothesis, a great variety of facts, such as the forma- 
tion of some mountain ranges, may be satisfactorily explained. 
For example, when the heated mass of the earth was cooling i*-- 
was also shiinking, but as soon as an inflexible crust had form 
over the liquid ball, that exterior could \io loTi^^bx ^cvSaa 
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diminish in circumference, bnt was forced to pucker into ridges, 
just aM we sue in the case of an apple drying up. The apple 
aHsiiiuos a wizcnud appearance ; so did the earth. The wrmkiei 
ant mountain chains. 

The spectroscopic confirmation of these ideas, though indireet, 
follows necossaniy fnira the support which that instrument lenda p 
to tlie nebular hyiK>thesi8. If the earth was once an ignited gas, >:. 
it is certain Uiat it also presented subsequently a molten fonn. t^r 
And its geometrical shape, that of an oblate spheroid, the fivore h: 
natunilly assumed by a rotating liquid mass, is an important link q 
in the chain of evidence. 

Another reflection naturally suggests itself to any one thinking 
about these niiitti'i's. Wo know that heat was the force con- 
cerned in keeping the materials of our solar system in the gase- 
ous state, for by its aid we can a^in bring* most of tliem into that 
form. The es<;apc of heat was me cause of the solidification of 
the present crust of the earth. Whei*e has all that immense 
amount of heat gone to ? 

It escaped altogctlier as radiant heat, moving in straight lines. 
Is it lost in the abysses of the universe, or is it somewhere col- 
lected together to melt worn-out worlds into nebulsd again, and 
cause them to run again the course they have before pursued? 
Can we discover the scheme by which perishing systems are re- 
plac(rd by new ones, and the grand East ludian idea, of a multi- 
plicity of worlds in an infinity of time, realized ? How, when the 
light of our sun has faded out, shall our solar system be revivi- 
fied, and re-supplied with tiio force it h:is lost ? These are ques- 
tions that remain to be solved. We are satisfied that matter and 
force are eternal ; but what their laws of distribution and opera- 
tion in space and time are, the intellect of man has yet to 
discover. 

And if there has been a gradual formation of planets within onr 
solar sysUMu, beginning at its confines, one after another losing 
its internal heat and becoming dependent on the sun for warmth, 
docs not another thought occur to us ? Uas not life followed the 
inward march of heat? Is it not possible that there was a time 
when plants and animals, such as we have here, were able to 
exist on the exterior planets, favored by their genial hcat.^ The 
last traces may not have disappeared from them. And may not 
the types of low forms of organized tilings, that inhabitea this 
earth in early geological times, have passed inward toward the 
sun, where surrounding physical conditions favored them in a 
manner that has ceased here? Are there on Venus the radiata, 
mollusca, etc., belonging to our planet ages ago? Do types of 
life exist in the more distant planets, of some grade higher than 
our own ? We sec on the earth the migrating animals, that 
cannot stand the vicissitudes of summer and winter, follow the 
sun southward in winter, and driven before him northward in the 
summer. Is there in the solar system a similar obedience to heat 
and its effects, and an ever inward flowing tide of life P — OcUaxy. 



CELBSnAI. C&EMISTRT. MT 



SFBCTRUM OF THB HEBULA DT OBIOX 

At the meeting of the Royal Astronomical Society, March 10, 
L865, Mr. Hn^gins observ^ed that " the recent examination of the 
jpceaJt nebula in Orion shows that this large and wonderful object 
belongs to the class of gaseous bodies. The light from this 
nebula resolves itself, under the refractive power of the prism, 
into the same three bright lines. With a narrow slit they appear 
exceedingly thin and well-defined. The intervals between them 
Mre dark, and in the light from no part of this nebula was any 
Indiciition detected of a continuous spectrum, such as is charac- 
teristic of incandescent solid or liquid matter. DiJQierent portions 
of tills great nebulous mass were brought successively upon the 
slit, but the results of minute examination showed that the whole 
nebula emits light, which indicates a constitution identical 
throughout the body. The light from one part differs from that 
of another in intensity alone. 

** The four bnght stars of the trapezium, and other stars distrib- 
uted over the nebula, ^ave a continuous spectrum. According 
to Lord Kosse and Prof. Bond, the brighter paits near the tra- 
pezium consist of clustering stars. If this be the true appearance 
of the nebula under great telescopic power, then these discrete 
points of light must indicate sepai*ate and probably denser por- 
tions of the gas, and that the whole nebula is to be regarded 
rather as a system of gaseous bodies than as an unbroken vapor- 
ous mass. Since the usually received opinion of the enoi*mous 
distances of the nebulsa has no longer any foundation to rest upon, 
in respect of the nebulsa which give a gaseous spectrum, it is 
much to be desired that proper motion should be sought for in 
such of them as are suitable for this purpose. If the gaseous 
matter of these objects represented the ' nebulous fluid,^ out of 
-which, according to the hypothesis of Sir William Herschel, stars 
are to be elaboi-ated, we should expect a spectrum on which the 
groups of bright lines were as numerous as the dark lines due to 
absorption found in the spectra of the stars. K the three bright 
lines be supposed to indicate matter in its most primar;^ forms, 
still we should expect to find in some of the nebulse, or in some 
parts of them, indication by a more complex spectrum, of an 
advance in the formation of the separate elementary bodies which 
exist in the sun and in the stars. A progressive formation of 
some kind is, however, suggested by the presence in many of the 
nebulsa of a nucleus, the spectrum of which indicates that it is 
not pure gas, but contains solid or liquid matter. It may, there- 
fore, be, that nebulse which have little indication of resolva- 
bility, and yet give a continuous spectrum, such as the Great 
Nebula in Andromeda, are not clusters of suns, but gaseous 
nebulas, which, by the gradual loss of heat, or the influences of 
other forces, have become crowded with more condensed and 
opaque portions. 

*• So far as my observations extend at present, they suggest the 
opinion that the nebul» which ^ve a gaaeoxxa s^^^xjoras^^s^ ^^^ 
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terns possessinj^ a stractnre, and a relation to the tinivei 
gcthcr distinct from the great g^ap of cosmical bodies 
our sun and the fixed stars belong.** — Astron, Soe. Notic 

THE GREAT VEBUUL OF OKIOK. 

It docs not always happen that a celestial object, the 
characteristics of which arc being discussed by sclent) 
lends iLsclf so admirably to onr inquiry as does tbe grea 
of Orion at the present moment, while astronomers 
should be — subjecting it to a searching scrutiny. And 
more reasons than one, for nebulas we now know are by n 
the very-ea8ilj-tf)-bo-understood bodies we considered tb 

J rears ago ; and Mr. Hindis announcement of tbeir varial 
ately been quite eclipsed by Mr. Huggins* discovery of t 
nature. 

Thus we must now at once discard the notion — a very 
able one when we consider how it came to be beld— ^ 
fi^lorious cluster in Perseus, or that somewhat more typic 
Uorcules, may be taken as an exemplar of all oar nebul 
we bring sufficient optical power to bear upon them, 
tonishing variability of some nebulse, to which we hav 
alluded, was certainly enough to set astronomers to w( 
their telescopes, if the spectroscope had not been brought 
on the inquiry ; and indeed the magnificent refractor of I 
had already revealed to Dr. Winnike's practiced eye inc 
in this very nebula, which led him to infer that their physi 
stitution differed widely from that heretofore assigned to 

But, in our own country, evidence has not been altogeth 
Ing on the point. About this time last year, we drew atte 
a communication made to the Astronomical Society, by 
Stone and Carpenter, relative to two of the best drawing 
of the glorious object now more particularly in question. 
Prof. Bond's rejomder to this and other ttjlescopic obse 
with which we are acquainted, we can scarcely come to ai 
conclusion than that changes to a greater or less extent a 
ally going on in the position of different portions of the 
if not even in its bi-ightness. 

We have referred in a former article to Mr. Huggi 
paper presented to the Royal Society on the gaseous na 
ncbulao, in which, out of eight nebulsa examined, six 
little indication of resolvability. In a subsequent paper, t 
we now wish to call attention, this question of resolvai 
further discussed. 

The other two nebulsa which gave a spectrum indicative 

ter in the gaseous form are 57 M, the annular nebula in Lj 

27 M, the Dumb-bell nebula. The results of the examins 

these nebulas with telescopes of ^reat power, is regarded I 

to be in favor of their consisting of clustering stiirs. 

herefore of importance to determme, by the observation c 

objects, whether any nebulae which have been certainly r 

^?e a spectrum which sJio^a tJh& sovixcft <if light to be g 
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I gas. The examinatioii of easily resolred clusters by spectrum 
E analysis was a sure means of doing this. 

i 2 and 15 M, and 4678 and 4670 in Sir John HerschePs cata- 
logue, both bright clusters, were chosen. Both these clusters 
gave a continuous spectrum. 

The Great Nebula in the Sword-handle of Orion was next ex- 
fi amined. The telescopic observations of this nebula seem to 
s show that it is suitable for observation, as a crucial test of the 
i^ correctness of the usually received opinion that the resolution of 
± a nebula into bright points is a certain and trustworthy indication 
i that the nebula consists of stars. Would the brighter poilions of 
V the nebula adjacent to the trapezium which have been resolved, 
s; according to Sir John Herschel and others, present the same 
t spectrum as the fainter and outlying portions ? In the brighter 

parts, would the existence of closely-a^greffated "stars" be re- 
vealed to us by a continuous spectrum, in addition to that of the 
true gaseous matter? These are suggestive questions, which it 
was desirable to answer. 

The light from the brightest parts of the nebula near the trape- 
zium was resolved into the three bri2:ht lines, to which we have 
before drawn attention. These three lines, indicative of a gaseous 
constitution, appeared, when the slit of the apparatus was made 
narrow, very sharply defined, and free from nebulosity ; the in- 
tervals between the lines were quite dark. 

When either of the four bright stars of the trapezium was 
brought 'upon the slit, a continuous spectrum of considerable 
brightness, and nearly linear (the cylindiical lens of the appara- 
tus having been removed^, was seen, together with the bright 
lines of the nebula, whicn were of considerable length, coiTe- 
sponding to the length of the opening slit. A fifth star / and a 
sixth a^ are seen in the telescope, but the spectra of these are too 
fornt for observation. 

The positions in the spectra of a, fi, y, d trapezii, which corre- 
Bjpond to the positions in the spectrum of the three bright lines of 
the nebula, were carefully examined, but in no one of them were 
dark lines of absorption detected. 

The part of the continuous spectra of the stars a, /?, v, near the 

position in the spectrum of the brightest of the brignt lines of the 

nebula, appeared, on a simultaneous comparison, to be more bril- 

_ liant than the line of the nebula, but in the case of y the difference 

■■ in brightness was not great. The corresponding part of d was 

^ perhaps fainter. In consequence of this small difference of bril- 

1 liancy, the bright lines of the adjacent nebula appeared to cross 
' the continuous spectra of y ^^^ ^ trapezii. 

. Other portions of the nebula were then brought successively 
■ upon the slit ; but, throughout the whole of those portions of the 
? nebula which are sufficiently bright for this method of observa- 
f tion, the spectrum remained unchanged, and consisted of the three 
J bright lines only. The whole of this great nebula, as far as it lies 
• within the power of an eight-inch achromatic, emits light identi- 
' cal in character. The light from one part differs from the light of 
another in intensity alone. 
20 
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Tb« Havtf'rin? ** stan** of which, •ccortling' to Lord Bo^eand 
Pr->:e^?i r W. C. Bond, the brighter portions of this nebula gob- 
«i«t, nnn< *t ^ <uppo«ed to be inrisible in the spectnim apjontos 
}*-r^n*^ fifth- ir wintness.an opinion which is probably correct of 
th»? niinut^ and wid»rlT separated •• stars " seen in the Dnmb4)dl 
N^rbaia. Th** erid^nce afforded bv the lar^st telescopes appen 
to b^. that the bri^ter parts of the nebnui in Orion consist of « 
'• nia*ff of «tars: " the whole, or the greater part of the light frn 
thU part of the nebula, mast therefore be regarded as the muted 
radiation of the«e namonjns >tellar points. Now it is thisligtt 
whif-h, whf^n analyzed bv the prism, reveals to us its gveoos 
•i'UTT^: and the 6ri^ht fines indicative of gaseous consdtntki 
arc free from any tnice of a continuous spectmm. such as tint 
exhibited by all tne briefer stars hitherto examined. 

The conclusion is obvious, that the detection in a nebula of 
minute, closely assocLited, points of light, which observation htf 
hitherto been considered as a certain indication of a stellar consd- 
tution, can no longer be accepted as a trustworthy proof tfaattk 
object consists oi true stars. These luminous points, in seme 
nebuls, at least, must be re^rded as themselves gaseous bo(fii!ik 
denser portions, probablv, of the great nebulons mass, since tfaff 
exhibit a constitution wfuch is identical with the fainter and isi 
lying parts which have not been resolved. These nebula iR 
shown by the prism to be enormous gaseons systems ; and die 
conjecture appears pro>«able that their apparent permanence of 
general form is maintained by the continual motions of these 
denser portions, which the telescope reveals as lucid points. 

Mr. Huggins, in his very suggestive paper, does not stop here: 
he points out that the proper motion of this nebula has not \t^ 
been inquired into, because everybody, looking upon them as irre- 
solvable clusters, thought them infinitely remote. Xow, howerer. 
that we know that they are not clusters of •' stars," properly » 
called, it is possible that thoy may be much nearer to us than ire 
imagine. The strange variability of the fifth and sixth stars in 
the trapezium should not here be'passed over in silence, while w? 
remark that Bond's latest obsen-ations tend to show that the proper 
motion of the nebula cannot be dififerent from that of the stars b 
the trapezium. 

At all events, it is to be hoped that the present favorable position 
of Orion will secure for the glorious nebula a searchino^ scrariDj 
with the largest instniments. This can scarcely fail to^supply i 
with new facts. In the meantime, what of the various shapes as- 
sumed \)j the gaseous nebula;, from the brilliant and most irregn- 
lar one of Orion to the faintest and most perfectly rounded plane- 
tary one ? Must we look upon them as other evidences of celestial 
dynamics? 

M. Otto Struve, the eminent director of the Pulkowa Obsem- 

t*^>ry, and Father Secchi, have recently been examining the nebuii 

"vith tlie magnificent nine-inch Merz of the Roman Colleo-e. Tk 

<Jt of changes having taken place is put beyond doubt°by their 

>8ervation8. — Header. 
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SPECTBUH OF COKET L, 1866. 

Mr. William Huggins, F.R.S., examined the light both of the 
nncleus and of the coma of the small telescopic comet 3¥hich was 
visible daring a part of January last, and which is catalogued by 
the astronomers as Comet I., 1866, by the aid of the spectrum 
apparatus with which he made his well-known observations on 
the spectra of the nebulsB. His observations have led him to the 
oondusions that the nucleus of that comet is self-luminous, and 
that it consists of gaseous matter in a state of incandescence, but 
that the coma is not self-luminous, and that the reflected light by 
which the coma was rendered visible to us was the light of the 
Ban. The spectrum of the nucleus, like the spectra of several of 
the nebulsB previously examined by Mr. Huggins, consisted of 
but one bright line, corresponding in refran^bilit^ with the 
brightest of the lines of nitrogen. The exact similarity between 
the spectrum of this comet and spectra of the nebulae in question, 
implies the existence of some very close relation between comet- 
ary and nebulous matter, while the identity of the single line 
presented by these spectra with one of the nitrogen lines would 
seem to suggest the hypothesis that nitrogen is not an elementary 
snbstance, but a compound one, and that it is of some one of the 
several constituents, which thus go to make up what we know as 
nitrogen, that this nebulous and cometary matter consists. — Me- 
chanics* Magazine, March, 1866. 

SPECTRUM OF SIBIUS. * 

Father Secchi has just announced that the space in the spec- 
trum of Suius, which is included between the extreme red and 
the first band, is *' divided by small bands, sensibly equi-distant,^ 
"which small bands are of such extreme regularity as to give to 
the spectrum, a ** channelled" appearance. He counted twenty- 
eight of these small bands, nothing similar to which has yet been 
observed in any other spectrum. 

SPECTRUM OF SHOOTING STARS. 

Mr. A. S. Herschel has recently observed the spectrum of a 
shooting star. It appeared near Capella, and was almost as 
brilliant as that star. He followed it for more than a second in 
its rather slow motion, and ascertained that its spectrum was as 
continuous a spectrum as that of Capella, and a little more ex- 
tended, and, therefore, that it consisted of a solid or liquid sub- 
stance, and not of a gas or incandescendent vapor, as Mr. Huggins 
has suggested with regard to some nebulae. 

He has observed seventeen meteors, coming to the conclusion 
that **if the problem of chemically analyzing the substance of 
luminous meteors by means of their light spectra is not yet fairly 
solved, it is at all events pretty certain that the metal sodium 
produces the most endunng light of the much admired trains of 
the August meteors ; and that at least one other mineral substance 
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(either pota498ium, sulphur, or phosphorus) lends its aid, but ins 
much less remarkable degree, to produce the same lominoos 
trains.** — Beader. 

BESULTS OF SPECTBUM ANALYSIS APPLIBD TO THE 

HEAVENLY BODIES. 

The following are extracts from a lecture delivered before Ibe 
British Association, at Nottingham, Aug. 23, 1866, by WiDiui 
Hugffins, F.R.8. : — 

** I bring before yon some additions to onr knowledge in tiie 
department of astronomy, which have followed from a oompan- 
Uvely recent discovery. The researches of Kirchhoff hare placed 
in the hands of the astronomer a method of analysis which is qpe* 
cially suitable for the examination of the heavenly bodies. So nn- 
expected and important are the results of the application of 8pe^ 
trum analysis to the objects in the heavens, that this methoa cff 
observation may be said to have created a new and distinct bnineh 
of astronomical science. 

"Physical astronomy, the imperishable and ever-CTowing mon- 
ument to the memory of Newton, may be described as the exten- 
sion of terrestrial dynamics to the heavens. It^ seeks to explain 
the movements of the celestial bodies on the supposition of the 
universality of an attractive force, similar to that wmch exists upon 
the earth. 

••The new branch of astronomical science, which spectram 
analysis may be sai'd to have founded, has for its object to extend 
the laws of terrestrial physics to the other phenomena of the heav- 
enly bodies ; and it rests upon the now established fact, that matter 
of a nature common to that of the earth, and subject to laws simi- 
lar to those which prevail upon the earth, exists throughout the 
stellar universe. 

•• The peculiar importance of Kirchhoflfs discovery to astronomy 
becomes obvious, if we consider the position in which we stand to 
the heavenly bodies. Gravitation and the laws of our bein^ do 
not permit us to leave the earth ; it is therefore by means of light 
alone that we can obtain any knowledge of the grand array of 
worlds which surround us in cosmical space. The star-lit heavens 
is the only chart of the universe we have, and in it each twink- 
ling point is the sign of an inuuensely vast, though (tistant, region 
of activity. 

** Hitherto the light from the heavenly bodies, even when col- 
lected by the largest telescopes, has conveyed to us but very mea- 
gre infomiation, and in some cases only of their form, their size, 
and their color. The discovery of Kirchhoff enables us to inte^ 
pret svmbols and indications hidden within the light itself, which 
furnish trustworthy information of the chemical, and also to some 
extent of the physical, condition of \he excessively remote bodies 
from which the light has emanated. 

^, *• We are indebted to Newton for the knowledge that the bean- 
'^il tints of the rainbow are the common and necessary ingredi- 

te oi ordinary light. Ho ioxm^ x\i^\.^Vi«a.^hUa light is made 
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io pass through a prism of glass, it is decomposed into the beauti- 
Tal colors which are seen in the rainbow. These colors, when in 
^ihis way separated from each other, form the spectrum of the 
Light. Let this white plate represent the transverse section of a 
beam of white light travelling towards you. Let now a prism be 
interposed in its path. The beam of white light is not turned 
aside as a whole, but the colored lights composing it are deflected 
differently, each in proportion to the rapidity of its vibrations. 
An obvious consequence will be, that, on emerging from the prism, 
tide colored lights which formed the white light will separate from 
each other, and in place of the white light which entered the prism 
mre shall have its spectrum, that is, the colored lights which com- 
posed it, in a state of separation from each other. Wollaston and 
f'raunhofer discovered that when the light of the sun is decom- 
posed by a prism, the rainbow colors which form its spectrum are 
not continuous, but are interrupted by a large number of dark lines. 
These lines of darkness are the symbols which indicate the chem- 
ical constitution of the sun. It was not until recently, in the year 
1859, that Kirchhoff taught us the true nature of these lines. He 
himself immediately applied his method of interpretation to the 
dark lines of the solar spectrum, and was rewarded by the discov- 
ery that several of the chemical elements which exist upon the 
earth are present in the solar atmosphere. 

**I present the results of the extension of this method of analy- 
sis to the heavenly bodies other than the sun. These researches 
have been carried on in my observatory during the last four years. 
In respect to a large part of these investigations, — viz., those of 
the moon, the planets, and fixed stars, — I have had the ^eat 
pleasure of working conjointly with the very distinguished chem- 
ist and philosopher. Dr. William A. Miller. Half a century ago, 
Fraunhofer recognized several of the solar lines in the light of the 
Moon, Venus, and Mars, and also in the spectra of several stars. 
Kecently, Donati, Janssen, Secchi, Rutherford, and the Astronomer 
Royal, have observed lines in the spectra of some stars. Before I 
describe the results of our observations, I will state, in a few words, 
the principles of specti*um analysis upon which our interpretation 
of the phenomena we have observed has been based, and also the 
method of observing which we have employed. 

** When light which has emanated from different sources is de- 
composed by a prism, the spectra which are obtained may differ 
in several important respects from each other. All the spectra 
which may present themselves can be conveniently arranged in 
three general groups. 

** 1. The special character which distinguishes spectra of the 
first order consists, in that the continuity of the colored band is un- 
broken either by dark or bright lines. We learn from such a spec^ 
trum that the light has been emitted by an opaque body, and 
almost certainly by matter in the solid or liquid state. A spectrum 
of this order gives to us no knowledge of the chemical nature of 
the incandescent body from which light comes. 

** 2. Spectra of the second order are very different. These con- 
sist of colored Ikies of light separated from each other. From 
20* 
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nuoh a flpoctnim wo may learn mnch. It informs as that die hnni- 
noiin m:ittr>r fnim wliiirh the; light has come is in the state of gu. 
It iM only when a liiminniis l>ody is free from the molecular tna- 
niclM of 8r)li<lity and liquidity, that it can exhibit its own pecalor 
powor of radiiitin;; Roma colored ra^s alone. Hence sabstaneo, 
when in a state of frti», may be disUngtiished from each other by 
their HiM'ctra. Ea<*h element, and every compound body that cu 
becrome ImninouH in the g:iscons state without suffering decompo* 
flition, is distinj^ui^hed by a group of lines peculiar to itself. 

'* :). The thini onlor consists of the spectra of incandescent solid 
or liquid lM>dieM, in which the continuity of the colored liglit ii 
bn>ken by dark lines. Thcsse dark spaces are not produced by the 
source of tlio light. They tell us of vapors throusch which the 
light has poHsttd on its way, and which have robbed the light, far 
ab8or]}tion, of ct^rtain definite colors or rates of vibration. Sues 
speetra are fonned by the light of the sun and stars. 

*' KirciihofF has shown that, if vapors of terrestrial substances 
come between the eye and an incandescent body, they cause 
gn)ups of dark linos ; and, further, that the group of dark lina 
urodu(!ed bv each vapor is identical in the number of the lines and 
in their position in the spectinim with the sroup of bright lines of 
which its light consists when the vapor is luminous. 

'* It is evident that Kirchhoff, by this discovery, has furnished oi 
with the means of interpreting the dark lines of the solar spec- 
trum. For tliis ])iirposc it is necessary to compare the bright Iidbs 
in the spectra oftlie light of terrestrial substances, when in the state 
of gas, with the dark lines of the solar spectrum. When a group 
of bright lines coincides with a similar group of dark lines, then 
we know tliat the t(;rrostrial substance producing the bright lines 
is present in tiio atinos])here of the sun ; for it is this suostance, 
and this substance alone, which, by its own peculiar power of ab' 
sorption, can produce that particular group of dark linos. In this 
way Kirchhoff discovered the presence of several terrestrial ele- 
ments in the solar atmosphere. 

" Methods of Observation, — I now pass to the special methods 
of observation by which, in our investigations, we have applied 
these principles of spectrum analysis to the light of the heavenJy 
bodies. I may here state that several circumstances unite to 
make these observations very difficult and very irksome. In our 
climate, on few only even of those nights in which the stars shine 
brilliantly to the naked eye, is the air sufficiently steady for these 
extremely delicate observations. Further, the light of the stars 
is feeble. This difficulty has been met, in some measure, by the 
employment of a largo telescope. The light of a star falling 
upon the surface of an object-glass of eight inches aperture is 

fathered up and concentrated at the focus into a mmute and 
rilliant point of light. 

** Another inconvenience arises from the apparent movement of 

the stars, caused by the rotation of the earth, which carries the 

astronomer and his instruments with it. This movement was 

counteracted by a movement given, by clockwork, to the telescope, 

& the opposite direction. In practice, however, it is not easy to 
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" retain tiie image of a star for any length of time exactly within 
'"' the jaws of a slit only the l-300th of an inch apart. By patient 
" perseverance these difficulties have been overcome, and satis- 
factory results obtained. We considered that the trustworthi- 
ness of our results must rest chiefly upon direct and simultaneous 
comparison of terrestrial spectra with those of celestial objects. 
For this purpose we contrived the apparatus which is represented 
in the diagram.' 

" Bv this outer tube the instrument is adapted to the eye-end of 
the telescope, and is carried round with it by the clock motion. 
Within this o^ter tube a second tube slides, carrying a cylindrical 
lens. This lens is for the purpose of elongating tbe round point- 
like image of the star into a short line of Tight, which is made to 
fall exactly within the jaws of a nearly-closed slit Behind the 
slit, an achromatic lens (and at the distance of its own focal 
length) causes the pencils to emerge parallel. They then pass 
into two prisms of aense flint glass. The spectrum which results 
Arom the decomposition of the light by the prisms is viewed 
through a small achromatic telescope, lliis telescope is provided 
"With a micrometer screw, by which the lines of the spectra may 
be measured. 

*' The light of the terrestrial substances, which are to be com- 
pared with the stellar spectra, is admitted into the instrument in 
the following manner : — 

*' Over one-half of the slit is fixed a small prism, which receives 
the light reflected into it by the movable mirror placed over the 
tube. The mirror faces a clamp of ebonite, provided with for- 
ceps to contain fragments of the metals employed. These metals 
are rendered luminous in the state of gas oy the intense heat of 
the sparks from a powerful induction coil. The light from the 
n>ark, reflected into the instrument by means of the mirror and 
tne little prism, passes on to the prisms in company with that from 
the star. In the small telescope, the two spectra are viewed in 
juxtaposition, so that the coincidence and relative positions of 
the bright lines in the spectrum of the spark with dark lines in 
the spectrum of the star, can be accurately determined. 

•* Moon and Planets. — I now pass to the results of our observa- 
tions. 

•• I refer, in a few words only, to the moon and planets. These 
objects, unlike the stars and nebulsB, are not ori^nal sources of 
light. Since they shine by reflecting the sun's li^t, their spectra 
resemble the solar spectrum; and the only inmcations in their 
spectra which mty become sources of knowledge to us are con- 
fined to any modifications which the solar light may have suflfercd, 
either in the atmospheres of the planets, or by reflection at their 
surfaces. 

** Moon, — On the moon, the results of our observations have 
been negative. The spectra of the various parts of the moon's 
surface, when examined under different conditions of illumina- 
tion, showed no indication of an atmosphere about the moon. I 
also watched the spectrum of a star, as the dark edge of the moon 
advanced towards the star, and then occulted it. No signs of a 
lunar atmosphere presented themselves. 
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** Jupiter, — - In the spectmxn of Jupiter, lines are seen, wludi 
indicate the exiatence of an absorptive atmosphere about this 
piiiiiet. In tliis diagram these lines are presented as they ip- 
])canMl when viewed Bimultancoosly 'with the spectramofthesky, 
which, at the time of obsei*vation^ reflected the light of the setiiB* 
8iin. One strong band corresponds with some terrestrial ataus- 
]>h(>ric lines, and probably indicates the presence of vapors simik 
to those which are about the earth. Another band has noooQDte^ 
])art amongst the lines of absorotion of our atmosphere, and teb 
lis of some gas or vapor which aoes not exist in the euth^s atmoi- 
pliere. 

** Saium. — The spectrum of Saturn is feeble, but Imes dmilar 
to those which distinguish the spectrum of Jupiter were detectoi 
ThcHo lines are less stronjE^lj marked in the ansie of the rings, 
and show that the absorptive power of the atmosphere about tbe 
rings is less than that of the atmosphere which surrounds ik 
balL A distinguished foreigner, present at the meeting, Janssen, 
has quite recently found that sevenil of the atmospheric lines in 
this part of the spectrum are produced by aqueous vapor. It 
apiM!iu-s to be voiy probable that aqueous vapor exists in ttie 
atnioHpheres of Jupiter and Saturn. 

**Mara, — On one occasion some remarkable groups of lines 
were seen in the more refrangible part of the spectrum of Mais. 
Th(>se may be connected with the source of the red color whidi 
distinguishes tliis planet. 

'• Ftfni/*.— Though the spectrum of Venus is brilliant, and the 
lines of Fraunhofur were well seen, no additional lines affording 
evidence of an atmosphere about Venus were detected. The 
absence of lines may be due to the circumstance that the \\ffht\s 
probably reflected, not from the planetary surface, but fmm clouds 
at some elevation above it. The li^ht which reaches us in this 
way, by reflexion fmm clouds, would not have been exposed to 
tliu absorbent action of the lower and denser strata of the planet's 
atmosphere. 

'* Tm Fixed Stars. — ^^The fixed stars, though immenselvmore 
remote, and less conspicuous in brightness tnan the moon and 
planets, yet because thev are original sources of light, furnish us 
with fuller indications of their nature. ^ 

** Th(3 stars have indeed been represented as suns, each uphold- 
ing a dependent family of planets. This opinion rested upon t 
possible analogy alone. It was not more than a speculation. 
We possessed no certain knowledge from observation of the true 
nature of those remote points of light. This long and earnestly- 
coveted information is at last furnished by spectrum analysis. 
We are now able to read in the light of each star some indications 
of its nature. I will take first the specti*a of two brio-ht stars 
which we have examined with great care. *^ 

** The upper one represents the spectrum of Aldebaran, and 
the other that of Betelgeux, the star marked a in the constella- 
tion of Orion. 

*' The positions of all these dark Imes, about eighty in each star, 
rere determined by careful and repeated measures. These 
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^ measured lines form bnt a small part of the numerous fine lines 
^ irbich may be seen in the spectra of these stars. 

•• Beneath the spectrum of each star are represented the bright 
, Hnes of the metals which have been compared with it. These 

* terrestrial spectra appeared in the instrument as you now see 
lliem upon tne screen, in juxtaposition with the spectrum of the 

^ Star. Dj such an arrangement, it is possible to determine with 

* ^reat accuracy whether or not any of these bright lines actually 
' coincide with any of the dark ones. For example : — 

^ •• This closely double line is characteristic of sodium. You see 

. that it coincides, line for line, with a dark line similarly double 

* in the star. The vapor of sodium is therefore present in the 
^ atmosphere of the star, and sodium forms one of the elements of 
' the matter of this brilliant but remote star. 

I . "These three lines in the green are produced, so far as we 

' know, by the luminous vapor of magnesium alone. These lines 

* agree in position exactly, line for fine, with three dark stellar 
' lines. The conclusion, therefore, appears well founded, that 
' another of the constituents of this star is magnesium. 

•'Again, there are two strong lines peculiar to the element 
hydrogen ; one line has its place in the red part of the spectrum, 
the other at the blue limit of the green. Both of these corre- 

S»ond to dark lines of absorption in the spectrum of the star. 
ydix)gen, therefore, is present, in the star. 

** In a similar Way, other elements, among them bismuth, anti- 
mony, tellurium, and mercury, have been shown to exist in the 
star. 

** Now, in reference to all these elements, the evidence does 
not rest upon the coincidence of one line, which would be worth 
but little, but upon the coincidence of a group of two, three, or 
four lines, occurring in different parts of the spectrum. Other 
corresponding lines are probably also present, but the faintness 
of the starts light limited our comparisons to the stronger lines of 
each element. 

** What elements do the numerous other lines in the star repre- 
sent ? Some of them are probably due to the vapors of other ter- 
restrial elements, which we have not yet compared with these 
stars. But may not some of these lines be the signs of primary 
forms of matter unknown upon the earth ? Elements new to us 
may here show themselves, which form large and important 
senes of compounds, and therefore give a special character to the 
physical conditions of these remote systems. In a similar 
manner the spectra of terrestrial substances have been compared 
with several other stars. Five or six elements have been de- 
tected in Betelgeux. Ten other elements do not appear to have 
place in the constitution of this star. 

" Pegasi oontaiaa • . • ^ sodiam, ma^esium, and perhaps bariam ; 

Siritu contains ..... sodium, magnesium, iron, and hydrogen; 

a Lyra {Vega) oontBdUB . . sodium, magnesium, iron; - 

p PoUux contains . • • . sodium, magnesium, iron. 

About sixty other stars have been examined, all of wl 
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Jio»'»'-vtrr, a t«'lfH.-i»jn.' is fnii)Ioyed. in close companionship with 
njuny nf ih»->e rulily and i»r.ingc stars, other fainter stai's become 
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*• Xfiw, it appeared to us to be pi-obable that the orig-iu of these 
diflTcrcfnces of color among tlie st;ii*s may be indicated by their 
spectra. 

" Since we had found that the source of the light of the stars is 
uideacent solid or liquid matter, it apyeared to be very prob- 
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•• We have shown tfeas \h^ -fr-jTr? *:^ ike ssars are produced br 
the yapors existing in :£>rir 2.:z^:s7>rere. Tbe cjynnScai cm feciiii K 
tion of a star's atmosphere wil! drperid izpon ihe elemmtB exist- 
ing in the star, and upo-n hs tirsp^raiiarp. 

** VariabU Start. — The brizsQ>ess cf oust of the stars is found 
to be Tariable. From nigh? to night, &C'm' month to mmith, or 
from season to season, their ![«ht mar be obsenred to be contin- 
xially changing, at one time increasing, at another time diminish- 
ing. The careful study of these rariable Etars, br numerous ob- 
seryers, has shown that their ocmtinual changes do not take place 
in an uncertain or irregular manner. The greater part oi these 
remarkable objects wax and wane in accordance with a fixed law 
of periodic rariation, which is peculiar to each. 

" We have been seeking, for some time, to throw li^t upon this 
strange phenomenon, bv means of observation of their spectra. 
If, in any case, the periodic variation of brightness is associated 
with physical changes occurring in the star, we might obtain 
some information by means of the prism. Again, if the diminu- 
tion in brightness of a star should be caused by the interposition 
of a dark body, then, in that case, if the dark body be surrounded 
with an atmosphere, its presence might possibly be revealed to 
US by the appearance of additional lines of absorption in the 
spectrum of the star when at its minimum. One such change in 
the spectrum of a variable star we believe we have already 

**Bete]geux is a star of a moderate degree of variability. 
When this star was at its maximum brilliancy in February h^t, 
wc missed a group of lines, the exact position of which we had 
determined with great accuracy by micrometric measurements 
some two years before. 

** Temporary Stars. — With the variable stars, modem oninion 
would associate the remarkable phenomena of the so-cullou now 
stars which occasionally, but at lonp^ intervals, have suddenly h]v* 
pcared in the sky! But in no case has a permanently bright Htur 
been added to the heavens. The splenaor of all these ol)f(u*t« 
was temporary only, though whether they died out or 8till (^xint 
as extremely faint st:irs is uncertain. In the cuho of tho two 
modern tempoi-ary stars, that seen by Mr. llind in 1845, and thn 
bri*^ht star recently observed in Corona, thouji^h th(<y hav<^ lont 
their ephemeral glory, they still continue as stara of tlie tenth and 
eleventh miiguitudes. 
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'* The old theories reflpeeting these strancre olgects most be le- 
jficted. We cannot believe with Tvcho Srahe that objects so 
ephemera] are new creations, nor with Rioeioli that they are stars 
brilliant on one side only, which liave been suddenly torned 
rciund by the Deity. The theory that they have suddenly darted 
t<>wards us with a velocity greater than that of lig^ht, from a re- 
gion of remote invisibilitv, will not now find supporters. 

** On the 12th of May last, a star of the second magnitode sud- 
denly burst forth in the constellation of the Northern Crown. 
ThatikH to the kindnens of tlie dfscoverer of this phenomenon, 
Mr. Hirminghani, of Tuam, I was enabled, conjointly with Dr. 
Miller, to examine the spectrum of this star on the 16th of May, 
when it had not fallen much below the third magnitude. 

**The spectrum of this star consists of two distinct spectra. 
One of thiese is formed by four bright lines. The other spec- 
trum is analogous to the spectra of the sun and stars. 

"These two spectra represent two distinct sources of liffht. 
Each spectrum is formed bv the decomposition of light, which is 
independent of the light which gives buth to the other spectrum. 

** The continuous spectrum, crowded with groups of dark lines, 
shows that there exists a photosphere of incandescent solid or 
liquid matter ; further, that there is an atmosphere of cooler 
vaj>(>rs, which give rise by absorption to the groups of dark lines. 

'* So far, the constitution of this object is analogous to that 
of the sun and stars, but in addition there is the second spec- 
trum, which consists of bright lines. There is therefore a second 
and distinct source of light, and this must be, as the character of 
tlie s^iectrinu shows, luminous gas. Now the position of the two 
])rincipal of the bright lines of tliis spectrum informs us that one 
of the luminous guses is hydrogen. The gi'eat brightness of 
tlicHu lines shows that tlie luminous gas is hotter than the photo- 
sphere. These fiicts, taken in connection with the suddenness of 
the outburst of light in the star, and its immediate very rapid 
doclino in brightness from the second magnitude down to the 
eighth magnitude in twelve days, sug^stcd to us the startling 
spooulation that the star had become suddenly ennipt in the flames 
of burning hydn>g<Mi. In eonsoquonco, it may be, of some grvat 
iHtnvulsion, enormous quantities of gas were set free. A large 
pnrt of this gas consisted of hydrogen, which was burning niam 
tiio star in combination with some other element. This naming 
gjis emitted the li*rht n^prosented by the spectrum of bright lines. 
The increased brightness of the spectrum of the other part of 
the starts light, may show that this fierce gaseous conflagratioo 
had heated to a more vivid incandescence the solid matt^rr of the 
photosphen\ As the free hydrogen became exhausted, the flames 
gnidnally alvated, the photosphere became less vivid, and the star 
wanod down to iijs foriiiiT brijrhtness. 

•' Wo must not forjxet that light, though a swift messenger, re- 
quires time to jxass l\vm the star to us. The great physical con- 
^lsii>n, which is now to us. is already an event of the" pasi uiih 

»lHH*t to the star iicH'h". For vears the star has existed under Ik 

'Mr cuDditkms wluch (oWovf^A \]Ka& i^<er^ <::a9(aauBo^hia« 
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N^ndm. — I pass now to objects of another order. 

•* When the eye is aided by a telescope of even moderate power, 
a large namber of faintly luminous patches and spots come forth 
fi*om the darkness of the sky, which are in strong contrast with 
the brilliant but point-like images of the stars. A few of these 
objects may be easily discerned to consist of very faint stars 
closely aggregated, together. * Many of these strange objects re- 
main, even in the largest telescopes, unresolved into stars, and 
resemble feebly-shining clouds, or masses of phosphorescent 
haze. During the last one hundred and fifty years, the intensely 
Important question has been continually before the mind of 
astronomers, * What is the true nature of these faint, comet-like 
masses ? ' 

*' The interest connected with an answer to this question has 
much inci'eased since Sir William Herschel suggested that these 
objects are portions of the piimordial material out of which the 
existing stars have been fashioned, and, further, that in these ob- 
jects we may study some of the stages through which the suns 
and planets pass in their development from luminous cloud. 

** The telescope has failed to give any certain information of 
the nature of the nebulae. It is true that each successive increase 
of aperture has resolved more of these objects into bright points ; 
but, at the same time, other fainter nebulae have been brought into 
view, and fastastic wisps and diffused patches of light have been 
seen, which the mind almost refuses to believe can be due to the 
united glare of innumerable suns still more remote. 

** Spectrum analysis, if it could be successfully applied to ob- 
jects so ezcessivelv faint, was obviously a method of investigation 
specially suitable K)r determining whether any essential physical 
distinction separates the nebulae from the stars. 

'*I selected, for the first attempt, in August, 1864, one of the 
class of small but comparatively bright nebulae. 

**My surpiise was very great, on looking into the small tele- 
scope of the spectrum apparatus, to perceive that there was no 
appearance of a band of colored light, such as a star would ^ve ; 
but, in place of this, there were three isolated bright lines only. 

*' This observation was sufficient to solve the lon^-agitated 
inquiry, in reference to this object at least, and to show Siat it was 
not a group of stars, but a true nebula. 

**A spectrum of this character, so far as our knowledge at 
present extends, can be produced only by li^ht which has ema- 
nated from matter in the state of gas. llie light of this nebula, 
therefore, was not emitted from incandescent solid or liquid 
matter, as is the light of the sun and stars, but from glowing or 
luminous gas. 

'* It was of importance to learn, if possible, from the position 
of these bright lines, the chemical nature of the gas or gases of 
which this nebula consists. 

''Measures taken by the micrometer of the most brilliant of the 
bright lines showed that this line occurs in the spectrum very 
nearly in the position of the brightest of the lines in the spectrum 
of nitrogen. The experiment was then made of oomnttd' 
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Fprc'tnini of nitrogen dli^ectly with the bright lines of the nebdli 
1 ff»iiii<1 that tlie brightest of the lines of the nebnla coincided with 
th(i sli*()n}^(*»t of the group of lines which are pecnliar to nitrogen. 
It miiy be, therefore, that the occurrence of this one line only 
in(Hc:iU*8 a form of matter more elementary than nitrogen, aiul 
which our analysis has not yet enabled us to detect. 

** III a Fimilar manner, the faintest of the lines was found to 
coincide with the green line of hydrogen. 

**The middle line of the three lines which form the specfcnim 
of th» nebula docs not coincide with any strong line in the spectn 
of ]il)out thirty of the terrestrial elements. It is not far from tin 
Hun of barium, but it does not coincide with it. Besides these 
l>i*i<i:ht lin(^s, tlicre was also an exceedingly faint continuoos speo- 
truui. Tlio spectrum had no apparent breadth, and must there- 
fore have been formed by a minute point of light. The position 
of this faint spectrum, which crossed the bright lines aboatthe 
middle of their length, showed that the bright point prodndngit 
was situated about the centre of the nebula. Now this nebaU 
possesses a minute but bright nucleus. We learn from this ob- 
servation that the matter of the nucleus is almost certainly not in 
a state of gas, as is the material of the surrounding nebula. It 
consists of opaque matter, which ma^ exist in the form of an in- 
candescent fog of solid or liauid particles. 

'* The new and unexpectea results arrived at, by the prismatic 
examination of this nebula, showed the importance of examining 
as many as possible of these remarkable bodies. Would all the 
nebula give similar spectra ? Especially it was of importance to 
asccititin whether those nebulas, which the telescope had certainly 
r(»8ol ved into a close aggregation of bright points, would give a 
sjx^ctrnm indicating gaseity. 

** Tlio ohs(u-vation with the prism of these objects is extremely 
difli(Mi]t, on account of their great faintness. Besides this, it is 
only when tlic sky is very clear, and the moon is absent, that the 
jirismatic arrangement of their light is even possible. During 
the last two years, I have examined the spectra of more than 
sixty nebulfe and clusters. These may be divided into two great 
groups. One grOup consists of the nebulse which give a spec- 
trum similar to the one I have already described, or else of one or 
two only of the three bright lines. Of the six objects examined, 
about one-third l)olong to the class of ^seous bodies. The light 
from the remaining forty ncbulsB and clusters becomes spread out 
hy the prism into aspectnim which is apparently continuous. 

**Tho most remarkable, and possibly the nearest to our system, 
of the nebulaB presenting a ring formation, is the well-known 
Annular Nebula in Lyra. The spectrum consists of one bright 
line only. When the slit of the instrument crosses the nebma, 
the line consists of two brighter portions correspondinor to the 
sections of the ring. A much fainter line joins them, wbicL shows 
that the faint central portion of the nebula has a similar constitu- 
tion. 

** A nebula remarkable for its large extent and peculiar form, 
is that known as the Dumb-beW lsk&\]iV«u. TVv<ev %^<*triuu of this 
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nebula consists of one line only. A prismatic examination of the 
light from different parts of 1ms object showed that it is through- 
oat of a similar constitution. 

**The most widely known, perhaps, of all the nebulsB is the 
remarkable cloud-like object in the sword-handle of Orion. 

** This object is also gaseous. Its spectrum consists of three 
bright lines. Lord Rosse informs me that the bluish-green matter 
of the nebula has not been resolved by his telescope. In some 
parts, however, he sees a large number of very minute red stars, 
which, though apparently connected with the irresolvable matter 
of the nebula, are yet doubtless distinct from it. These stars 
would be too faint to furnish a visible spectrum. 

'* I now pass to some examples of the other great group of 
nebulsB and clusters. 

" All the true clusters, which are resolved by the telescope into 
distinct brig;ht points, give a spectrum, which does not consist of 
separate bright lines, but is apparently continuous in its light. 
There are many nebulae which furnish a similar spectrum. 

" I take as an example of these nebulsB, the great nebula in 
Andromeda, which is visible to the naked eye, and is not seldom 
mistaken for a comet. The spectrum of this nebula, though 
apparently continuous, has some suggestive peculiarities. Toe 
whole of the red and part of the orange are wanting. Besides 
this character, the brighter parts of the spectrum have a very 
unequal and mottled appearance. 

*' It is remarkable mat the easily-resolved cluster in Hercules 
has a spectrum precisely similar. The prismatic connection of 
this cluster with the nebula in Andromeda is confirmed by tele- 
scopic observation. Lord Rosse has discovered in this cluster 
dark streaks or lines, similar to those which are seen in the nebula 
in Andromeda. 

** In connection with these observations, it was of great interest 
to ascertain whether the broad classification aflTorded by the prism 
of the nebulae and clusters, would correspond with the indications 
of resolvability furnished by the telescope. Would it be found 
that all the unresolved nebulas are gaseous, and that those which 
give a continuous spectrum are clusters of stars ? 

** Half of the nebulas which give a continuous spectrum have 
been resolved, and about one-third more are probably resolvable ; 
while of the gaseous nebulas none have been certainly resolved, 
according to Lord Rosse. 

•* Comets. — There are objects in the heavens which occasionally, 
and under some conditions, resemble closely some of the nebulas. 
In some positions in their orbits some of the comets appear as 
round vaporous msisses, and, except by their motion, cannot be 
distinguished from nebulas. Does this occasional general resem- 
blance indicate a similarity of nature ^ If such be the case, if the 
material of the comets is similar to that of the nebulas, then the 
study of the wonderful changes which comets undergo in the 
neighborhood of the sun may furnish useful information for a 
more correct interpretation of the structure and condition of the 
nebulas. In 1864, Donati found that the 8pectrum.^€ % 
risible ia tbatyeavt consisted of brigbt>^\iQ.Q&. 
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'* Last January a small telescopic comet was visible. It was a 
nearly circular, very faint, vaporous mass. Nearly in tlie centre, 
a small and rather aim nucleus was seen. When this object was 
viewed in the specti'oscope, two spectra were distin^ished':— a 
very faint continuous spectrum of the coma, showing tliat it was 
visible by reflecting solar light: — about the middle of this faint 
spectrum a bright point was seen. This bright point is tibe spec- 
trum of the nucleus, and shows that its light is different from that 
of the coma. This short bright line indicates that the uudeos of 
this comet was self-luminous, and, further, the position of this line 
of the spectrum suggests that the material of the comet was 
similar to the matter of which the gaseous nebulae consist. 

** Mecuures of the Intrinsic Brightness of the NebuLce, — It ap- 
peared to me that some information of the nature of the nebuln 
might be obtained from observations of another order. If physi- 
cal changes, of the magnitude necessary for the conversion of the 
gaseous bodies into suns, are now in progress in the nebulse, 
surely, this process of development would be accompanied by 
marked changes in the intrinsic brightness of their light, and in 
their size. 

" Now, since the spectroscope shows these bodies to be contina- 
ous masses of gas, it is possible to obtain an approximate measure 
of their real bri^htneiss. It is known that as lonsf as a distant 
object remains of sensible size, its brightness remains unaltered. 
By a new photometric method, I found the intrinsic intensity of 
the light of three of the gaseous nebulad, in terms of a sperm 
candle burning at the rate of 158 grains per hour : — 

Nebula No. 4,628 ^ T^ofi^ 1^*"^ ^^ ^^ inieiiBity of the oaodlo. 

Annular Nebula Lyra < d ** *** ** 

<6032 



Dumb-bell Nebula \ —LjSb. 

i 19604 



" €€ tt 



** These numbers represent, not the apparent brightness only, 
but the true brightness of these luminous masses, except so far as 
it may have been diminished by a possible power of extinction 
existing in cosmical space, and by the absorption of our atmos- 
phere. It is obvious that similar observations, made at consider- 
able intervals of time, may show whether the light of these objects 
is undergoing increase or diminution, or is subject to a periodic 
variation. 

*♦ If the Dumb-bell Nebula, the feeble light of which is not more 
than the one-twenty-thousandth part of that of a candle, be, in 
accordance with popular theory, a sun-germ, then it is scarcely 
possible to put into an intelligible form the enormous number of 
times by which its light must increase, before this faint nebula, 
"^bler now in its glimmering than a rushlight, can rival the 

szling splendor of our sun. 

" Measures of the l^ebulas . — ^OTaa ol VSaa \i^\)&» «xq sufficiently 
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defined in ondine to admit of accurate measurement. By means 
of a series of micrometric observations, it will be possible to ascer- 
tain, whether any considerable alteration in size takes place in 
nebulae. 

*^ Meteors, — Mr. Alexander Herschel has recently succeeded in 
subjecting another order of the heavenly bodies to prismatic anal- 
ysis. He has obtained the spectrum of a bright meteor, and also 
the spectra of some of the trains which meteors leave behind 
them. A remarkable result of his observations appears to be that 
sodium in the state of luminous vapor is present in the trains of 
most meteors. 

'* Conclusion, — ^In conclusion, the new knowledge, that has been 
gained from these observations with the prism, may be summed up 
as follows : — 

*' 1. All the brighter stars, at least, have a structure analogous 
to that of the sun. 

'* 2. The stars contain material elements common to the sun and 
earth. 

" 8. The colors of the stars have their ori^n in the chemical 
constitution of the atmospheres which surround th^m. 

** 4. The changes in brightness of some of the variable stars 
are attended with changes in the lines of absorption of their 
spectra. 

" 5. The phenomena of the star in Corona appear to show that, 
in this object at least, great physical changes are in operation. 

'*6. There exist in the heavens true nebulas. These objects 
consist of luminous gas. 

''7. The material of comets is very similar to the matter of the 
gaseous nebulas, and may be identical with it. 

'' 8. The bright points of the star-clusters may not be in all 
cases stars of the same order as the separate bright stars. 

'* It may be a^ed, What cosmical tiieory of the origin and rela- 
tions of the heavenly bodies do these new facts suggest? It 
would be easy to speculate, but it appears to me that it would not be 
philosophical to dogmatize, at present, on a subject of which we 
know so very little. Our views of the universe are undergoing 
important changes. Let us wait for more facts, with minds unfet- 
tered by any dogmatic theory, and therefore free to receive the 
obvious teaching, whatever it may be, of new observations.^' 
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OV THE RELATIONS OF GEOLOGY AND PATJBOirTOLOGT. 

The following are extracts from the '* Header** of Jane, 1865, 
on the occasion of the publication of Mr. T. H. Huxley^s catar 
logue of the Jermyn-Street collection : — 

FaliBontologT, as a science, shonld enable ns to determine the 
position of unfamiliar forms, and the age of the strata in which 
they occur, in the sure hope that observation 'will verify the pro- 
diction. Mr. Huxley says that a science of geology could not 
exist, that we should only have a number of local chronolo^es, 
did not palceontologT combine the separate results, and deance 
from them general laws. When the fossils are identical at two 
distant places, it should follow that palseontologists are agreed ta 
to the age they indicate. But, twenty-seven years ago, Mr. R. 6. 
Austen threw doubt on the comfortable doctrine that two sets of 
identical fossils are necessarily contemporaneous and this seem- 
ing paradox has never since been quite lost sight of. It was 
further developed three years a^o by the author of this essay, who 
went so far as to hint the possible coincidence in time of two or 
more of the great formations. These views geologists pronounced 
to be errors. It would have been safer to have callea them only 
extreme. This condemnation starts from the assumption that the 
so-called formations represent epochs in time rather than geo- 
graphical areas. This idea is perhaps a natural result of the 
nearly complete sequence, found to exist in the small portion of 
the globe as yet carefully examined. But to apply it to other 
parts of the earth^s surface is virtually to abandon the law of 
uniformity of physical processes, and to revive, in a modified form, 
the doctrine of cataclysms. For, if identity of species proves that 
the beds containing them are, however far apart, necessarily of 
the same age, that therefore the same conditions prevailed over 
areas whose size finds no modern analogy (which are, in fact, now 
marked by gi*eat diversities), it follows that conditions so general 
could only have been terminated by some cause equally general, 
though not necessarily violent, in its operation, before a new state 
of thmgs, marked by distinct organic forms, commenced. Hence 
unconformities, which have been demonstrated to I'epresent longer 
periods than the formations which they separate, would cease to 
be of local import. It would be impossible to avoid reo^rding 
those 8epai*ating contemporaneous strata as simultaneoi^, or to 
"4cape the consequent dilemma. For, the axiom that changes are 

Mual is admitted on both sides, and implies that the alteration 

oonditions, and accompanyixig modificaAaon of structure among 
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living beings, began prior to those gecdogicm* cmuiges which gave 
rise to the unconformity, and proTe the gap ; implies, further, that 
all this went on in some area not neo^^uiljr adjacent, but so 
situated as to ensure the continuitj by descent of the organic 
forms. To. admit this, seems to concede the chief point at issue ; 
and the concession seems inTolred in the uncontradicted belief 
held by geologists, that further research will disdose more and 
more strata requiring to be *' intercalated ** between those of exist- 
*ing classifications. Geolo^cally this phrase is unfortunate, though 
zoologically correct. The organic remains in such intercalated 
beds will, of course, faU naturally into their places in the animal 
series ; but the insertion of the strata themselTcs in our lobular 
lists can only be done, save for limited areas, by assigning undue 
weight to artificial arnuigements. It may not perhaps be neces- 
sary to go so far as to consider the DcTonian or Permian forma- 
tions as the arctic conditions coincident with a tropical Carbonifer- 
ous aspect of life ; but the overlap, so to speak, of physical con? 
ditions, which it seems impossible to evade, admits of no precise 
limitation ; it must either be denied, or accepted along ^vnth all 
it involves. 

But if the simple case, when the fossils are identical, presents so 
many difficulties, palaoontology must, a fortiori, be still less reliar- 
ble as a lawgiver, where distant formations yield dissimilar fossils. 
For zoology knows no law by which structural modifications can 
be so class&ed, that their relative ages may be determined by in- 
spection ; nay, those best qualified to speak with authority shrink 
even from asserting a progression of types from higher to lower, 
in time. The very theory, which sees in these modifications in- 
creasing adaptation to external conditions, deprives palssontoloOT 
of all power of prediction apart from physical observation. The 
important caution given by Mr. Huxley ^p. 40^ against the assump- 
tion of identity of habits from similanty of form, points in the 
same direction. Lyell (** Elements,** chap, ix.) points out the diffi- 
culties arising from dinerences of contemporaneous deposits, as, 
for instance, m the Levant and Bed Sea, but sees no means of 
fixing their relative age, save where they are not far apart, and 
belong to the same province of terrestrial distribution ; in which 
case, members of the common fauna and flora, accidentally pre- 
served, might fix the relative age. A striking instance of the un- 
certainty in dealing with organization is offered by the Miocene 
formation. Its flora, as seen in Switzerland, finds its nearest liv- 
ing representative in the vegetation of the Southern States, and 
the resemblance is veir sti*ong. It must, therefore, have lived 
down to, co-existed with, and survived as a flora, the glacial era. 
Yet the most accomplished botanists vary so widely in their opin- 
ion£U that the plants are by some ti'aced eastward, by othei*s west- 
waM from America ; by others have been supposed to radiate 
from a centi'e lying between Switzerland and Western Asia. This 
unanimous difference, be it noted, is found after decisions have 
been limited to those species only, whose preservation leaves no 
uncertainty in their identification. 

The soncluaion is» that these and similar diffioult&M mUI ^ 



248 ANNUAL OF 8CISNTIFIC DISCOVERT. 

be cleared np after the construction of many local chronologies, 
determined neither by geology alone nor by fossils alone, bat 
with their mutual aid and correction. The generalized results 
of these may, probably will, lead to the discovenr of laws which 
will render possible greater precision in the oorrelation of strata; 
but it seems more Skely to anticipate tiiis result from increased 
knowledge of the facts of distribution, than from any role govern- 
ine tJie order of structural change. 

Mr. Huxley avoids the acceptance of any theory of progressioQ 
founded on fossil evidence ; and his reasons for so doing well illus- 
trate the acute criticism given by Lyell (** Antiqaily of Man," p. 
405). Since this essay was written, Sir W. Lopui^s discovery, in 
the lower Laurentian series of Canada, of the J^zoon Canadense, 
and the subsequent discovery of a similar organism in Connemara, 
necessitate some modification of the statement that the Protozoa 
and Coelenterata are unrepresented in the lowest British rocks. 
That fossil seems to be structurally allied to both snb-kingdoms. 
The negative evidence it gives does not seem to affect the progres- 
sion argument. We are justified in assuming it to represent a 
small part onl^ of the life, to which the enormons mass of lime- 
stone containing it is due. The other members of the series, of 
which we have no evidence for assuming this to be the first, exist, 
if at all, in some unexplored region, but more probably are lost to 
us by metamorphosis and resorption into the interior of the earth. 

LENGTH OF GEOLOGICAL PERIODS. 

All the facts of geology tend to indicate an antiquity of which 
we are beginning to form but a dim idea. Take, for instance, one 
single formation, — our well-known chalk. This consists entirely 
of shells, and fragments of shells, deposited at the bottom of an 
ancient sea far away from any continent. Such a process as this 
must be very slow ; probably we should be much above the mark 
if we were to assume a rate of deposition of ten inches in a cen- 
tury. Now, the chalk is more than 1,000 feet in thickness, and 
would have required, therefore, more than 120,000 years for its 
formation. The fossiliferous beds of Great Britain, as a whole, 
are more than 7,000 feet in thickness, and many, Tvhich with us 
measure only a few inches, on the Continent expand into strata 
of immense deptii ; while others of great importance elsewhere 
are wholly wanting with us, for it is evident that daring all the 
different periods in which Great Britain has been dry land, strati 
have been forming (as is, for example, the case now) elsewhere 
and not with us. Moreover, we must remember that many of the 
strata now existing have been formed at the expense of older 
ones ; thus, all the flint gravels in the south-east of England have 
been produced by the destruction of chalk. This again is a veiT 
slow process. It has been estimated that a cliff 500 feet liigb 
ill be worn away at the rate of an inch in a century. This may 
em a low rate ; but we must bear in mind that along any line of 
^ there are comparatively few points which are suroring it 
I time, and, that e\exi on tK^^^, when a fall of cliff hiw ijaa 
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place, the fragments sen^ as a protection to the coast until they 
nave been gradually removed by the waves. The Wealden Val- 
ley is twenty-two miles in breadth, and on these data it has been 
calculated that the denudation of the Weald must have required 
more than 160,000,000 of years. --Lubbock's Fre-Hittoric Times. 

SUCCESSION OF DEPOSITS. 

A paper was read before the Cambridge Philosophical Society, 
by Mr. H. G. Seeley, F.G.S., on the laws which have determined 
the distribution of Life and of Rocks. The author observed that 
in ail denudation, whether marine or subaerial and fluviatile, the 
crystalline rocks which underwent this process, were again de- 
posited in the following order: (1) Sand, (2) Clay, (3) Lime- 
stone ; the second ovenapping ana appearing at the junction to 
be superposed on the first, and the third on the second. Hence 
these desposits, which at first sight appeared to be successive, 
might in reality be contemporaneous. Again, deposits were com- 
monly assumed to be contemporaneous when they contained the 
sam^fossils ; but upheaval and depression would cause the fauna 
of any locality to move, so that remains of the same species 
might be deposited necessarily in different deposits. He also 
considered species to be re-transmutable, and to be affected by 
the physical conditions under which the animal was living. There- 
fore, he maintained that strata could not be identifiea by these 
means, but by discovering the physical conditions under which 
they were deposited, and by other methods. 

EPOCHS OF DEPOSIT OF GOLD. 

Mr. David Forbes, in the •* Grcological Magazine," has a papei* 
on the geological periods at which gold has made its appearance 
in the crust of our globe. He designates the two epochs of auri- 
ferous impregnation as, 1. The older or auriferous granite out- 
burst. 2. The younger or auriferous diorite outburst. The first 
occurred some time between the Silurian and Carboniferous 
periods. The gold formations belonging to this period present 
themselves in Australia, Bohemia, Bolivia, Brazil, Buenos Ayres, 
Chili, Cornwall, Ecuador, Hungary, Mexico, New Grenada, "Nor- 
way, Peru, Sweden, Ural, Wicklow ; and also such deposits of 
^old as are found intruded as quartz nodules and veins, as if 
mterstratified in the Cambrian and Silurian systems, which he 
believes to have been rendered auriferous solely from their prox- 
imity to invisible or now superficial granites. The newer outburst 
cut through sti'ata containing fossils of decided Post-oolitic forms, 
and possibly may be as late as early Cretaceous. If Mr. Forbes 
is correct with respect to this comparatively recent creation, so to 
n>eak, of gold, we may hope that, whatever is the case with coal, 
the supply of gold may possibly be inexhaustible ; as there seems 
no reason why fresh ** outbursts" of the igneous diorite should 
not recur at any period. 
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THE BBA THB GBBAT AGENT IK DEinTDATIOir. 

Mr. D. Mackintosh, in a paper on *' The Sea asainstBain mi 
Fn>8t,^ attompta to show the relative power of me two sets of 
a;;t'nfip8 in moilifyine the surface of the ^lobe. One set of 
ohM^rvent, at Ihe head of which stands Frotessor Ramsay, cod- 
»\i\vn that the present form of the CToand is dae to sub-Aeml 
influences; the other, led by Sir Roaerick Marehison, considers 
that the sea has been the principal denuding or excayating ageiL 
lie atlduces many facts to prove, 1. That Uie sea is not simply a 
levelling agent. 2. That raAn and frost are incapable of prodoD- 
ing cliffs. 8. That the dtbris under olifTs is due to the action of 
the sea. 4. That rain is incapable of abrading hard ro(^ 
6. That the presence and permanence of ^^lacial martings show 
the limited power of atmospheric denudation. He then, in ood- 
cluflion, remarks that rain and frost can only justly be regarded 
as supplementing the denudation effected by uie sea ; thS; theff 
capacity to lower the earth^s surface is comparatively sinall, uniesB 
immediately assisted by streams of sufficient transporting power; 
that the sea, by its laterally excavating agenoy, and ** by onlting 
in itself at the same time and on the same spot a power of detadi- 
ing and removing, can alone prove equivalent to the production 
of such a series of escarpments, cliffs, rocky pillars, terraces, 
headlands, etc., as those comprising the more abrupt inequalities 
of the earth^s surface. 

THB ATMOSPHERE AS A DENUDING AGENT. 

Mr. J. B. Jukes and Mr. Scrope are still at issue on this point, 
the former contending that aqueous atmospheric agencies hare 
most to do with the outline form of the earth, while the latter relies 
on volcanic influence as the most powerful and most general 
agency. In a letter, recently published, Mr. Jukes lays down two 
conclusions which, he says, are in our islands specially applicable 
to paleozoic districts, but which, mtUcUis tmUcmdis, apply to rocks 
of all ages. They are as follows : 1. The sea has removed vast 
masses of rock, and left undulating surfaces, the highest points of 
which ultimately become the summits of mountains. 2. When 
these undulating surfaces are raised high into the air, they ore 
attacked by atmospheric agencies, and hills, valleys, and plains, 
are gi'adually carved out of the rock mass below, their particular 
features depending on original varieties in the nature of that mass, 
and variations in t^e action of the atmospheric agencies. The 
latter depend largelyxon the variations of temperature, by which 
water is made to assunjie the different fonns of vapor, water, snow, 
and ice. It must be recollected that the forms of our palaeozoic 
gi-ounds are of very ancient date, anterior to the period of the new 
red sandstone, and that the great denudation of the older palaeozoic 
rocks took place even before the deposition of the old red sand- 
stone. The time, then, du^ng whieh. Ibka ^Jba^os^herlc agencies 
been modelling t\ie i^hot te«AxiTei^,SaV\vR«\v^v^'a5cj^^ ^'w*;*^ 
©cent temporary depression \>ftuea.^ >[Saa ^^\»«^ ^^ >aKv^ ^"^kss^ 
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aeft dad fittle or noUung in the way of denudation, the principal 
effect tiien beinff tiie transport of blocks, or the washing about of 
m a teri als alreaify loose on the surface. — Oeolog, Mag, for ifay, %m 
Bopidmr Sekmot Rmem^ JmUf, 1866. 

DATE OF THB ENGLISH CHANNEL. 

ILr. Joaefh Prestwich, in June, 1865, in a paper before tlie Geo- 
logical Society, expressed the opinion that the English Channel 
-was not the result of the last geolo^cal change, but that it exisU^I 
at the time of the formation of theiow-leyel c^yels of Uio Sommo 
and the Thames valleys, and probably at that of the high-level 
gravels. During a recent visit to the raised beacli of Sangattee, 
lie found fragments of chert in the shingle and sands, whicli ho 
believed were derived from the lower cretaceous strata. Associ- 
ated with them are fragments from the oolitic series of the Boulon- 
nals, and two pebbles of red granite, probably from Cotentin. From 
these facts he inferred the existence of a channel open to the west, 
extending between France and England, anterior to tlio low and 
perhaps to the high level gravel period. Above the raised beaoh 
JBA mass of chalk and flint rubble, wiUi bods of loam, twenty to 
eighty feet thick, and containing land shells. He regarded thia 
accumulatioi^as analogous to the loess, wliich it rosemDlos in iti 
general character; and the shells found in it belong to spooioa 
common in that, deposit. 

LOUISIANA BOGK-^ALT. 

The " New Orleans Times " of a recent date has the following 
interesting account of the wonderful deposits of salt on Petite Anse 
Island: — 

*' Perhaps the purest and most important natural deposit of salt in 
the world is that found on our coast, at Petite Anse Island. This 
deposit was referred to in Frenches * Historical Recollections of 
Louisiana.' He quotes from the papers left by an English voyagor 
who visited the Mississippi, or as it was then spelt, Meohaoebo, in 
169^99. 

" Strange as it may appear, all knowledge of this salt mine was 
lost amon^ our people tul after the commencement of the recent 
warl At mat time, the residents of the interior, who were unable 
to procure a supply of salt otherwise, resorted thithoif for the pur- 
pose of boiling down the briny waters which gurgled from the 
base of the island elevation. This, after some investigation and ex- 
periments in well-boring, resulted in the discovery of the fact that 
a great portion of the island, with the exception of an upper layer 
of earth, was a complete crystal mass of salt. For two years, 
nearly the whole of the trans-Mississippi was supplied from this 
mine, no less than 21,000,000 pounds being taken from it in the 
course of three months. 

"Boring have extended over a great number of acres, and the 
salt rock is found everywhere, from fifteen to twenty-two feet be- 
low the surface. At the point where the principal excavation ^a; . 
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made, the pits have been sunk through the salt to the depth of ow 
forty feet, without an^ indication of reaching the bottom. It is 
supposed that the mine covers at least one hundred acres, and 
there is at present no means of ascertaining the depth of the de- 
posits. In one week ten inexperienced hands recently got out 
200,000 pounds of salt, — nearly four tons per day to each hand. 
What will be the product when all the contemplated mechanical 
agencies are put into effective operation ? 

•• An aualvsis, made by the late Dr. J. L. Riddellof New Orleans, 
gives the following result. In one hundred pai-ts by weight: 

" Chloride of sodium (oommon salt) 98.88 

Bulphate of limo (gypsum) •••• 0.76 

Chloride of magnesium ••• ••.. 0.23 

Chloride of oaloium •••••• 0.13 

Total 100.00 



«• Nothing else present in quantity to be appreciated. This salt 
is white, or colorless, and visibly consists of agorregations of 
irregular cubical crystals of common salt, averagmg*'a quarter 
of an inch in diameter. It attracts no moisture from the atmos- 
phere." 

SALT IS IDAHO AND NEVADA. ^ 

A correspondent of the •• San Francisco Bulletin,** writino* from 
Soda Springs, Idalio, says : — ° 

** This community are at present deeply interested in the work- 
ings of the Oneida Salt Company. The grounds of this company 
are situated upon the Lander Cut-off Emigrant Road, about two 
hundred and fifty miles north from Salt Lafe:e City, and about sixty 
miles north from this place. Upon their land is situated a num- 
ber of largo springs, with a flow of about one hundred and fifty 
inches of water, which, after a thorough test, have been found to 
yield one-third pure, fine table salt, when boiled. The company 
have erected works to produce 100,000 pounds per month. The 
expense which will necessarily accrue in the manufacture of thb 
amount will not exceed one-quarter cent per pound, and for it 
there is a natural market in the mines of our sister territory, Mon- 
tana, with a net profit of not less than ten cents per pound. These 
springs have been known for years, — emigrants passing over that 
road having spoken of them in the highest terms, — and a mere lack 
of energy has permitted them to be unappropriated. The con- 
sumption of salt in mining countries is very great, and the prodoo- 
tions of the springs will supply the demand." 

TSE BASIN OF THE DEAD SEA. 

M. Lartet has recently communicated to the French Academy 
of Sciences the results of a careful study he has made of the 
entire basin of the Dead Sea, in which work he has had the 
advantage of the direction of the Duke Of Luynes. 

The saltness of many Asiatic lakes, and of the Dead Sea, among 
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them, M. Lartet considers to be caused by the proximity of large 
onantities of rock-salt, or of earths containing rich saliferous 
aeposits. Especially is this the case around the Dead Sea, where, 
from time immemorial, there has been known to exist the Moun- 
tain of Salt, in the Arabic of which it is believed that the name 
of Sodom may be reco&fnized. 

M. Lartet has carefully examined the formation of the basin of 
the Dead Sea, and filnds that it was formed at the end of the 
<^ocene epoch, as is shown by the character of the superficial 
marine deposits in neighboring countries. But before this period, 
dislocations were produced in the submarine strata ; a fracture 
opened in a north and south direction, which, by consecutive 
convulsions, prolonged itself northwards, determining, upon the 
shores of the Mediterranean, the formation of the mountainous 
ridges of Palestine, and also producing a naiTOw and lengthened 
depression which separates the high table-lands of Arabia. From 
this depression has sprung the conmiencement of the hydrograph- 
ical system of this region. Thus, the Dead Sea, or Lake Asphaltites, 
was formed, from its origin, without any communication with the 
ocean. 

The level t)f this lake, as shown by the great extent of horizon- 
tal layers of marl which have evidentlv been deposited at a 
former time, ought at a certain epoch to have been one hundi*ed 
metres above its present altitude. The consequent extension of 
the waters of the lake is clearly shown by the sediments, which 
cover vast surfaces to the north and south of its actual limits. A 
great change must, therefore, have since occurred in the hydro- 
graphical arrangement of the country. Owing to the absence of 
S>ssils in the sediments above mentioned, it is impossible to assign 
the exact age of the elevation of the waters of the lake. Never- 
theless, by reckoning the probable duration of the phenomena 
which have preceded and followed this important phase in the 
history of the Dead Sea, the time of its occurrence can be fixed at 
about the end of the tertiary or the beginning of the quaternary 
period. 

In the diminution of the extent of the lake, M. Lartet imagines 
he can discover an evidence of the disappearance of former glac- 
iers. This he thinks well accords with those traces of ancient 
gl&cier moraines, upon which Dr. Hooker believes the cedars of 
Lebanon now grow. 

During a later period, phenomena of a different nature have 
otherwise altered the physical aspect of this country. At the 
north-east of the Dead Sea, volcanic eruptions have produced im- 
mense flows (coulees) of basaltic rock, portions of which had even 
ovei-flowed into the valley of the Jordan. These eruptions made 
Eastern Syria at one time a volcanic district equal to that of Au- 
verffne. Among other smaller basaltic streams, three were found 
bordoring on the eastern edge of the Dead Sea, to the south of 
the little plain of Zarah. • 

Thei*mal springs, minerals similar to those bituminous eman^ 
tions which have accompanied or followed the volcanic eruptions, 
and earthquakes still felt in this coontry^ were stated tA b^ U 
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lant important phenomona, of which the basin of theDeivdSoahtt 
bi*f*n ttio theatre. The nrovressive lowerin;^^ of the level of the 
wali*ra or the lake might be tiie result either of a diminished sod- 

Ely fnim the atmosphere, or of evaporation becoming more rapid, 
lit more probably it was owing to the combined effect of theie 
two caiiscfl. 

M. Lartot concludes his paper by sayings : "That themoflttn- 
ciriit seclimontfl in the basin of tho Dead Sea do not contain inj 
truM^R of fojwil marine orji^anisms, and it is therefore evident thst 
tliiH drpn^Ksion has lieon, from its commencement, nothing more 
tlian a reservoir of atmospheric watera, whose saltness, ootained 
ft-din Rurmuntling circumstances, is continually increased under 
the influence of excessive cvaponition.^ 

An idea was thrown out by M. £lie de Beaumont, which ^ves 
acMitional value to this statement of M. Lartct. M. ElledeBeau* 
m<int thinks tliat the large proportion of different salts found in 
the Dead Sea, Lake Van, and the Caspian Sea, appear to show 
tliat none of these sheets of water had, at any rate, derived the 
whole of tlieir saltness from the ocean. He believes their Baline 
character to proceed from local emanations of subteminean ori- 
gin, and that perhaps the ocean itself owes more or less of its own 
saltness to a mixture of products from similar emanations. 

bir THE OOPPBB HINES OF THE STATE OF MIGHIGAK. 

Mr. II. Baucrman described briefly, before the Geological Soci- 
ety, the difTcrcnt conditions under which native copper is found in 
th(^ trappean belt of tho Upper Peninsula of Michigan, on Lake 
Superior. The district in question is a narrow strip of eround, 
alM>ut 140 miles long, and from two to six miles in breadth, mode 
up of alternations of compact and vesicular traps, with subonlinate 
beds of columnar and crystalline greenstones, conformably inter- 
bi'dded with sandstones and couglome rates. Thi-ee different 
classes of deposits are known, — namely, transverse or fissure 
1()(1(!S in tho north(Tn district, cupriferous amygdaloids and con- 
glomerates following the strike in tlie central or Portage district, 
and irregular concretionary lodes, also parallel to the bedding, in 
tho southern or Ontonagon district, in the fissure-Tcins copper 
occurs either spotted through the vein-stuff, or concentrated in 
eoinparjitively smooth plates, or lenticular masses, of all sizes up 
to 500 tous. In the Ontonagon Ibdes, tlie musses are also large, 
but of much more irregular forms. In tho Portage district, on 
the other hand, only small masses arc found, the great production 
of the mines of this region being derived from the finely-divided 
spots and gniins interspersed through the amygdaloids and con- 
glomerates. The author proceeded to notice the various hypoth- 
eses that may be framed for elucidating the occurrence of native 
copper in the Lake Superior traps. Two principal sources were 
indicated, the first on the supposition tliat protoxide of eo[)periijay 
have originally formed \n\Yt <>£ t\\vi Vv.As\va\.\\\q. tQ.vcv\>v^v\<.Mit of the 
ii'ap, or that the same YoeVvTiiw>,'\v.\.\^. cA^\^\v^:\\\vi^\^\3\^\vvvx^^Ax^'\v:^^s^- 
pounds of copper mcchamc»\\:? iw^Aiicmvxfe^is ^VvyV., ^^^x>^;>w>^v^Ni. 
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the second view, the overljring sandstones may have contained 
small quantities of copper-bearing minei*als, in a similar manner to 
the Kupferschiefer and other Permian and Triassic rocks in 
£urQpe. Supposing the trappean rocks to have been percolated 
by solutions carrying the proaucts of the alteration of such min- 
erals, it was suggested that the reduction to the metallic state was 
mainly produced by the action of substances containing protoxides 
of iron, which, by mgher oxidation, have given rise to the dark-red 
color and the earthy ochreous substances found in the vein-matter. 
The causes producing the metalliferous deposits in the trap were 
stated to have evidently acted throughout the whole system, and 
the absence of copper from the compact beds is probably rather 
due to the absence of cavities fit for the reception of such masses, 
than to any difference in chemical composition. 

GEOLOGICAL DESCRIPTION OF THE FIBST CATARACT, 

UPPER EGYPT. 

At the first cataract, the Nile flows over crystalline rocks con- 
sisting principally of quartz, felspar, and hornblende, combined in 
various proportions, and then appearing under the forms of syen- 
ite, greenstone, hornblende, and mica-schists, or else occurring in 
separate masses. In the bed of the river the surface of the harder 
l)oi*tious of these rocks is beautifully polished. The whole district 
is traversed by dykes of greenstone, of which the prevailing direc- 
tion is E. and W. The crystalline rocks forming the bed of the river 
are overlaid by a sandstone, sometimes coarse and gritty, and at 
Other times fine-grained and compact. TLe prevailing color is 
light-yellow, but in places it is dark-purple aiid even black, owing 
to the presence of iron. As yet no organic remains have been 
discovered in it. This sandstone rests on the uneven surface of 
the syenite in slightly inclined strata, dipping N.N.E. It is no- 
where altered at its junction with the syenite, nor is it anywhere 
penetrated by dykes. To the eastward of the first cataract is a 
wide valley, commencing opposite the Island of Phiiss, and join- 
ing the Nile valley again about three miles below Assouan. 
Through this valley the Nile may have formerlv flowed, as fresh- 
water shells and deposits of Nile-mud are found at a considerable 
height above the present level of the river. To the westward of 
the first cataract, the crystalline rocks disappear below the sand- 
stone, and the country is almost entirely covered with sand of a 
rich yellow color, composed of fine rounded grains of quartz. — 
J. C. Hawksuaw, in Reader. 

ON THE ORIGIN OF PRAIRIES. 

The origin of prairies has recently formed the subject of three 
papers in the ** American Journal of Science," 1865, by Prof. 
Wlnchell, Mr. Lesquereux, and Prof. Dana, in the order men- 
tioned. Prof. WinchelJ believes that tYie pxaVm^ SbX^ Q>l\^fc\5aJ«ev\v^ 
oric^'o and of post-glacial date ; that a\\ ae\ida Q»wXaA?cvQi^\tt.^^***«^ 
Jacustrine deposits- would perish, aad tKat V\wi \^«gijX^i>Aa'a 
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nfterward appeared "was more likely to be herbaceous than 
arboreal/' because the seeds mast have been brought from dis- 
tant regions. Mr. Lesqaereux considers that the prairies were 
formed by a process of natural reclamation from the borders of 
lakes, mouths, add banks of large rivers, and coasts of seas 
(fresh water and salt), and cites, in illustration, the cases of the 
Mississippi, Lake Michigan, etc. He thinks that the nature of 
the soil formed under these circumstances would be such as to 
favor only the growth of sedges and grasses ; and he endeavors 
to show that his explanation will account for the existence of sdl 
known prairies and large flat tracts of land, including " the nat- 
ural meadows of Holland," etc. Prof. Dana advances an explan- 
ation of a totally dififerent nature, namely, that the absence of 
forests and presence of prairies are caused by the diyness of the 
climate, while conversely the presence of forests is caused by its 
moisture. Prof. Dana^s facts are indisputable and ^nerally re- 
ceived, for every one acknowledjges the intimate relation of tiie 
moisture of the climate to the existence of forests ; the only ques- 
tion is, which is the cause and which the effect. Experience has 
shown that the moisture of a climate mav be increased by plant- 
ing forests, and diminished by clearing them. — -^ Quarter^ Journal 
of Science, April, 1866. 

ABTESIAN WELLS OF CHICAGO, ILLINOI8. 

These wells, now discharging 1,250,000 gallons per day of the 
purest water, are located near the city limits, about three miles from 
the City Hall ; they are 700 feet deep, and discharge an immense 
amount of clear cold water. In several respects these wells are 
anomalies ; first, the water which rises to the surface stands at 
67° Fahr., which is below the mean temperature of the locality, 
while in all other deep wells the temperature increases in pro- 

Sortion to the descent, so that no water is found at a greater 
epth at much less than 75° ; and in the great wells at Charles- 
ton and in the basin at Paris the range is up to 85° and 90°. Then 
this water is free from the unpleasant and disagreeable mineral 
taints so common to Aitesian wells. It is certified, under chemical 
analysis, to be the best article of drinking water in the world ; and 
from the force and power with which it comes to the surface, il 
has a head of 125 feet above the level of Lake Michigan. There 
seems to be no doubt but that, by an enlargement of one of the 
wells to a diameter of 20 inches, a sufficient supply, estimated at 
17,000,000 gallons per day, could be obtained to meet the de- 
mands of the city for years to come, and that this would flow into 
the reservoirs without the aid of expensive engines, steam-pumps, 
and fuel. Another curious feature in regard to these wells, and 
one which geologists have not j'et exj^lained, is found in the foct 
that they are located in no great valley or depression, like the 
•sins of Paris and London, but are out on tlie level prairie, siff- 
uded for hundreds of miles by country of a like character. 
B fact, taken in connection with the low temperature of tbe 
ar and the great heaA oi \k^ l^wsitaaios^ seems to indicate that 
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it has a source far in the north or north-west, beyond Lake Supe- 
rior, and beyond the Mississippi, perhaps away off in the Rocky 
Mountains. — Mechanics' Magazine^ Feb., 1866. 

MINEBAL BESEMBLING ALBEBTITE, FBOM COLOBADO. 

Prof. William Denton, when on an exploring trip west of the 
Kooky-Mountain Ran^e, in July, 1865, found, near the junction 
of White and Green Rivers, a series of tertiary beds of brown 
sandstone, passing occasionally into conglomerate, and thin beds 
of bluish and cream-colored shale alternating with the sand- 
stones. 

These beds dip to the west at an angle of about 20° ; and, cropping 
out from beneath them on the east are beds of petroleum shale, 
a thousand feet in thickness, varying in color from a light cream 
to inky blackness. One bed, ten feet in thickness, which he traced 
for six miles, is scarcely distinguishable from the best cannelite 
of New Brunswick. In the s:mdstone overlying the shales, he 
found a perpendicular vein of bitumen, resembling in lustre, frac- 
ture, and other physical characters, pure Albertite. This vein has 
a width of from two feet six inches, to three feet four inches ; it 
lies between smooth walls of sandstone, and was traced for a 
distance of five miles in a nearly direct line, due west. Two 
more small veins were discovered parallel to the first, one south, 
and the other north, and each distant about a mile. 

The sandstone has been eroded by water into ravines and can- 
ons to a depth of from eight hundred to one thousand feet, and 
the principal vein can be traced from the top of ttie mountain to 
the bottoms of these canons, retaining its width, but not appar- 
ently increasing it. In the sandstone he found fossil wood of 
deciduous trees, fragments of large bones, most of which were 
solid, and turtles, some of which were two feet in length, and 
perfect. The sandstone is probably of Miocene age. 

In the petroleum shale, underlying the sandstones, are innumer- 
able leaves of deciduous trees ; among them he thought he recog- 
nized the willow, the maple, and the oak. Dipterous insects, 
resembling the musquito, and tlieh' larvad, abounded ; they are in 
a wondeitul state of preservation. 

The story that these beds tell seems to be this : A large fresh- 
-w^ater or brackish lake existed, covering a considerable portion 
of western Colorado and eastern Utah. Streams caiTied down 
fine sediniient and free petroleum, from numerous springs in the 
surrouuding country, for ages ; the peti"oleum increased in flow 
until the sediment of the lake became thorouo;hly chai-ged with 
it, and the cannelite was the result. A cjian^e in the. level of the 
country and the course of the streams is indicated by the overly- 
ing sandstones and conglomerates, nearly destitute of petroleum, 
and at least one tliousand feet in thickness. During the time that 
tliis immense amount of sediment was being deposited, willows, 
maples, oaks, and many sti*an^e trees grew on the land, paljBo- 
Qi theres and turtles swam in tne waters, and clouds of insects 
M ■ported over its surface. The bitamen seems to k&v^^<^^^^Ks^x& 
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the shalen an pptrol^'ani. after their npheav&l, fil1ing> ererioes per 
hapH roniifd kt\ tliat ufihesii'aU and to have hardened in time iau 
its )in*««'iit form. 

Ana/yitis uf (hit Bitumen by Avff. A, HayeM^ M.D. — The physF 
ral i;}i:iruct«rr.s of this laiuenil connect it with the varictT ofc&DDei 
roal f*aI1«*il A1tx.'iiit<f; a IVict which ^ves great interest to the 
diM;ov('r\\ apart fmni economical considerations. 

in crh<*niical conip<^>sition, relation to heat and solvents, it diffen 
fmin AlU'ititii r(;niarkal)ly, and falls within the class of trae bito- 
uieiiH, of which it i.s an important member, well characterized. 

When the eannel coal of Xew Brunswick was discovered and 
(h;Kcribe«l, ^i;olo;^ists and mineralo^sts were unwilling^ to class it 
with known coaU of the eannel kind, on account of its ^neral 
n'seniblaiice to Konie known bitumens. Jet, from the tertiai^ 
fonnation, seemed to be its nearest relative but so strong was the 
impression of its physical characters, that it received a £sdnctiTC 
name, by which it is now known, Meantimcobservations ha?e 
multiplied over a lar^r suriace, and in this country two disoor- 
(•ries have been made which render the reception of anew£uit 
less diflleult. 

1. The discovery, some seven years since, of the bitomeo of 
Ritchie County, Va. This is a true bitumen, filling^ a chasm in 
the san<lKtr)nes of the coal formation, without shales or clay, and 
the deposit is extensive above the surface, and continuous more 
than one hiHidnMl feet below it. 

Tiie pliysit^al ehanu;ters of this bitnmen do not differ from those 
of l)ituniinou.s coal of the prismatic form. Geologists and mineral- 
o;jrists have carefully examined and pronounced it coal. - In place, 
it is a bitumen, and all its chemical characters and composidoD 
iix it firmly in the class of bitumens. 

ll<tre we have a bitumen with the external characters of coal, 
sr) distinct as to place it among the more common coals on in- 
Hj)eetion. 

2. Prof. Denton has made known a most valuable deposit of 
oil-producing bitumen, whose external characters are exactlj 
ihose of the so-called Albcrtite, while the mineral in place fills i 
fracture in the rocks, without shales or clay. • Either in its bed, or 
in the lal)oratory, it is a true bitumen, differing from Albertite ii 
bitumens differ from coal. 

These discoveries seem to diminish the apparent objectioDS 
urged to receiving the Albeitite as a eannel coal, in the way of 
presenting a coal on the one hand which is bitumen, and an Al^ 
bertite on the other, which is also a bitumen. They show, too, 
the ini))oi'tant aid which may be deiived from chemical inquiiies, 
connected with geological observations. 

In j)Iiysical chai-actiu's, this minei*al resembles the Albertite of 
New Brunswick. The same vaiiety of fracture is obsen-ed, and 
hand sp(>cimeiis side by side hardly differ. Specific gi-avity varies 
fttun l.aoa to LOTS; electric by friction. 

When heated, it loses 0.33 per cent, of moisture, and at %iSf 
"^Uir. begins to emit vapors of hydrocarbons, soon melts and is- 

iniesccs. It expaAuXa \\\)ow\. iV^« tai\«^ W&^^VoxaA, va diicompoi' i 
gt and affonls a povowa V>y\\\\vvtv\* cioVa. 



GSOLOGT. 259 

It partially dissolves in the lighter hydrocarbons from coal and 
petroleum. In petroleum naphtha, of 39.67 per cent, of dark 
brown bitumen separated from residuary humus, one hundred 
parts afforded wheo distilled—' 

Moistoro 0.33 

Bitumens and Gas 77.67 

CSarbon as Coke 20.80 

Ash 1.20 



100.00 
— iVoc. of Boston Society of Natural History^ 1866. 

FOBICATION OF GOAL FROM PETBOLEUH. 

t 

ft 

I One of the more generally accepted theories respecting the 
% formation of petroleum, supposes that substance to be a pro- 
{ duct of the destructive distillation of coal b^ means of the earth's 
7 internal heat. There is being discussed just now, however, a 
theory which is the exact converse of this, — a theory, according to 
which, instead of petroleum being formed from coal, coal was 
formed from petroleum. It is weU known that *' all organic sub- 
stances which are not themselves volatile, such as wood, flesh, and 
other vegetable and animal matters, yield, when subjected to the 
influence of heat below dull redness, tarry oils, having in all cases 
the general character of petroleum, and differing only according 
to the specific differences in the materials fix>m which they may 
have been obtained ; ** and the new hypothesis supposes that the 
materials from which our coal-beds were formed were converted 
in the first instance into such ''tarry oils,'* and that these oils, 
under the long-continued action of heat, gradually lost nearly all 
their oxygen and the chief part of their hydrogen, the residuum 
gradually becoming solid. The advocates of this theory point in 
support of it to the phenomena presented by the celebrated '* Pitph 
Lake" of Trinidad. This lake covers an area of ninety-nine 
square miles, and is of very great depth. '* The bitumen is solid 
and cold near the shores of the lake, and gradually increases in 
temperature and softness towards the centre, where it is boiling. 
The ascent to tiie lake from the sea, a distance of three-quarters 
of a mile, is covered with a hardened pitch, on which trees and 
vegetables flourish ; and about Point la Braye the masses of pitch 
, look like black rocks among the foliage." Mr. G. P. Wall 
describes the lake as yielding three kinds of asphaltum : '' 1. As- 
I phaltum glance, which is hard and brittie, of an intensely black, 
^ brilliant lustre, and conchoidal fracture. 2. Ordinaiy asphaltum, 
of a brownish-black color, containing 20 to 35 per cent, of earthy 
I admixture and a considerable, proportion of water, and possess- 
, ing tJ^e property of plasticity, which it gradually loses on long 
exiK>sure to the sun and atmosphere. 3. Asphaltic oil, occurring 
associated and diluted with water, but appearing, when concen- 
trated, as a dense black fluid with a powerful bituminous odor. 
If collected in an open vessel, tiie more volatile part of this oil 
evaporates adfter a few months, leaving a aoM \3»Wk «qS()SS(s»9is^ 
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of similar appearance and analogons properties to asphaltom 
glancu.^ It is alleged that the theory of coal having been con- 
densed from a liquid, in the same way as this ** asphaltam glance," 
accounts better than any other for its purity^ seeing that "all 
impure or foreign substances which did not decompose would 
most likely bo of greater specific gravity than oil, and ocmse- 
quently sink to the bottom/* 

The high state of preservation in which plants fV'eqaently oeciir 
in our coal-beds, and the fact of trees being found erect in them, 
are easilv accounted for upon this theory. Trees grow on the 
hardened pitch of the Trinidad lake, within a short distance of 
other pitch in a state of ebullition, and one can readily conceive 
of the hardened pitch, in any similar case, being softened by the 
eruption of the boiling pitch, and of the trees growing on it being 
thus ingulfed, or of the lake overflowing its banks and so sab- 
merging adjacent ve^tation. The new theory also funushes a 
simple explanation of the ** exceeding minuteness of many coal- 
9eams, which thin out into mere filaments over extensive areas of 
solid rock,** and might well be due to an oily liquid having ove^ 
flowed the rock when it was at the surface, and having then, in 
process of time, in part evaporated and in part solidihed. The 
shape and dimensions of many other coal-seams are equally con- 
sistent with the idea of the seams in question being the solid resi- 
duum of what once were lakes of oil, and indeed the ^-eat majority 
of alHhe known coal-formations are basin-shaped, "with long 
and sloping sides dipping down to a common and profound 
centre ; " a fact which certainly tells with great force in favor of 
the new hypothesis. On the whole, it must be admitted that the 
theory that the first step in the forni:ition of coal was the prodao- 
tion of •* tarry oils," by the destructive distillation, at a compara- 
tively low heat, of vegetable and perhaps animal matter, and 
that coal consists of the less volatile portions of these oils, solidi- 
fied and hardened by heat and pressure, is not without plausi- 
bility, at least in respect of certain kinds and formations of coal. 
There are some coal-beds which present phenomena which could 
scarcely, so far as we can at present see, be accounted for on this 
theory; but further researches will doubtless throw additional 
light on the whole matter ; and it is not necessary that we should 
suppose that all the coal that exists was formed precisely in the 
same way. — Mechanics* Magazine, 

ORIGIN OF PETBOLBUH. 

In " Silliman's Journal," for July, 1866, is an article on " Pe- 
troleum and its Geological Relations," by Prof. E. B. Andrews, of 
Marietta, Ohio, from which the following are extracts : •* Of the 
origin of petroleum there are different opinions. All agree, how- 
ever, that it must ultimately bo traced to vegi3table or animal sub- 
i-nces, the primary combinations of hydrogen and carbon bcin; 
5 product of vital force. It is the opinion of Dr. J. S. Newben*)' 
d others that petroleum in its present form is the product of » 
<w dlstillatioa o£ bitm£dxio\x« «9u»xai. ^YA\£L>0c!^\ku^(»7^ ^fx, X. & 
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Hunt, oi the Canada Sarvey, in the < Geology of Canada/ p. 526, 
dissents, and qaotes approvingly the views of Mr. Wall, who 
investigated the bitumens of Irinidad, and who writes that the 
bitumen 'has undergone a special mineralization, producing a 
bituminous matter instead of coal or lignite. This operation is 
not attributable to heat, nor of the nature of a distillation, but is 
due to chemical reactions at the ordinary temperature and under 
the normal oonditions of climate.^ It would appear to be Mr. 
Hunt-s opinion that the bitumens, of which petroleum is the liquid 
form, are the product of chemical reactions chan^ng the original 
organic materials directly into oil and kindred hydrocarbons. . . . 
There is no doubt that, at the original bituminization of organic 
matter, vast quantities of bitumen were formed. The greater 
portion of this was absorbed by the sediments which now consti- 
tute bituminous strata. For example, the black shales of the Ohio 
Devonian rocks are two hundred and fifty feet thick, and in them the 
bitumen is uniformly distributed throughout the whole mass. This 
distribution would imply that the bitumen was once in such a state 
of fluidity as to allow it to diffuse itself. . . . All the oil that 
I have ever seen, except very insignificant quantities in isolated 
cavities in fossiliferous limestones, has evidently strayed far from 
its place of origin. It is seldom, indeed, that we find any oil in 
juxtaposition with bituminous strata of any kind. It is more often 
found in fissures in sand-rocks, rocks in which no oil could ever 
have been generated ; for whatever organic matter they might 
have contained was too much exposed to atmospheric oxygen to 
admit of the possibility of any bituminization. It is not only im- 
possible that the oil could have originated in these sand rocks, or 
in the arenaceous shales which underlie them in western Pennsyl- 
vania, but it is most probable that the oil ascended from the still 
lower rocks, in t^e form of vapor, which condensed in the superior 
cavities. In other words, the oil which, according to the theory, 
was formed far below in the original bituminization of organio 
matter, must have undergone a process of distillation. 

•• In favor of the other theory, that petroleum, as now generally 
found, is the product of a distillation of bituminous shales, etc., as 
suggested by Dr. Newberry and others, the following arguments 
may be urged : 1. Oil may be artificially produced by distilling 
such shales and other bituminous materials. ... 2. The phe- 
nomena of oil and ^as exhibited in our oil fields ^eatly resemble 
those observed in me artificial distillation of oil from bituminous 
materials. . . . 3. It is believed that some petroleum has 
been actually produced in the earth by distillation. ... 4. 
There is an abundance of oil-making material in the earth. . . . 
6. A comparatively low temperature is believed to be adequate to 
set free the oU vapors. 6. By this theory there might be produced 
an almost indefinite quantity of petroleum, since bituminous strata 
are found widely distributed. . , . Finally, the agency which 
would volatilize the liquid bitumen, or petroleum formed by direct 
bituminization, and bnng it up and distribute it through the pres- 
ent oil horizons, would certainly be adequate to distil the bitumin- 
ous shales, etp., and bring up the oil to the same elevations* 
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«' It may, however, be objected, that» if tiiis theory of disdllalioo 
be true, we oaght somewhere to find the residuum, or debitamiii- 
ized shales, etc., remaining after the oil had been extracted. Such 
discovery could not justly be expected iu surface rocks, because, 
according to the theory, the heat agency would at best be small, 
and could be scarcely felt near the surface. The question, then, 
would be reduced to this, viz.. Do the borings in deep wells ever 
show that the deep bituminous strata have lost any of their origi- 
nal and normal quantity of bitumen ? ** 

After presenting some facts bearing upon this point, he con- 
cludes as follows: '* Such facts are not conclusive as to any 
positive loss of bitumen, but they are not without significance. 
Should I find many sinular cases whore strata, which are highly 
bituminous at their outcrop, are found to contain little bitumen at 

freat depths, and, at the same time, the rocks above these 
uried 8ti*ata containing in their fissures much oil, I think the in- 
ference, that the oil was derived from the bitaminoos shades, not 
unwarranted.^ 

ACTION OF ICE m FOBMma LAKE BASINS. 

Mr. Thomas Belt has published an essay, in which he main- 
tains the action of glaciers in forming lake-basins. Suppoang, 
he says, the existence of a depression m the pathway of a glacier 
which has reached such a depth that the ice simply fills it, what 
would happen.^ At the bottom and sides of the hollow, the ice 
would be slowly melted bv the earth's heat, increasing >vith the 
depth of the basin. As the ice at the lower end of the basin 
melted, the whole mass would be pushed along by the thrust of 
the moving glacier above it. Into the crevice at the upper end 
would pour the water, coming down the bottom of the glacier, 
from above the basin, which would pass undei-neath and be 
forced out at the lower end, carrying with it the mud prodaoed 
by the crushing down of the ice as it melted at the bottom, and 
by the ^nding along its floor as it melted at the lower end of 
the basm. The water coming from above would assist in melt- 
iug the ice, especially in summer ; but its most important eflfect 
would be the scouring out of the bottom of the basin, so that aa 
ever-clean face of rock would be presented to the huge natural 
tool operating upon it. Such an action would, in some measure, 
resemble that of a hollow diill, which has been prepared for 
boring holes in rock, through which a current of water is fort^ 
to carry off the ground stone. Mr. Belt accounts for the diie^ 
ence in depth of the lake-basins of Switzerland and Nova ScotU 
by stating that, in one case the ice-chisel operated on hard gran- 
ites, and in the other, on soft, easily-worn materials. — Tranm- 
ti07ia of the Nova Scotia Institute of Natural Science, Vol. II., No, & 

OBIGIN OP TUE SALTS WHICH COMPOSE THE EAKTH. 

liir. T. Sterry Hunt gives the following theory of the origin of i 
Its, metallic veins, oaOi oXk^t i\.^^^\\&^ ^Vbxt\n<^ with the idei 
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that, at the commencement of the earth^s history, the various sub- 
stances in ignition reacted on each other : ** The quartz, which 
is present in such a great proportion in many rocks, would de- 
compose the carbonates and sulphates, and, aided by the presence 
of water, the chlorides both of the rocky strata and of the sea ; 
while the organic matters and the fossil carbon would be burned 
by the atmospheric oxygen. From these reactions would result a 
fused mass of silicates of alumina, alkalies, lime, magnesia, iron- 
oxide, etc. ; while all the carbon, sulphur, and chlorine, in the 
form of acid gases, mixed with watery vapor, nitrogen, and a 
probable excess of oxygen, would form an exceedingly dense at- 
mosphere. When the cooling permitted condensation, an acid 
rain would fall upon the heated surface of the earth, decompos- 
ing the silicates, and giving rise to chlorides and sulphates of the 
various bases, while the sepai*ated silica might take the form of 
crystalline quartz. In the next stage of the process, the portions 
of the primitive crust not covered by the ocean would unders^o a 
decomposition, under the influence of hot moist atmosphere 
charged with carbonic acid, and the felspathic silicates become 
conveited into clay, with separation of the alkali. This, absorb- 
ing carbonic acid from the atmosphere, would find its way to 
the sea, where, having first precipitated from its highly-heated 
waters various metallic bases then held in solution, it would de- 
compose the chloride of calcium, giving rise to chloride of sodi- 
um on the one hand, and to carbonate of lime on the other."-* 
Canadian NaturaUsU Vol, 11. ^ note 4. 

GKEISS WITH DfPBESSIOir OF EQUISETUM. 

In the Museum at Turin is a fra^ent of gneiss from an erratic 
block, apparently from the Yalteline, from the crystalline rocks 
underlying' the infra-liassic group o£ Sismonda, containing an im- 
pression of an Equisetum. Sismonda regards this fossil as proof 
P of the metamorphic character of the fundamental gneiss of the 
d' Alps, and as affording a fact bearing on the age of the vegetable 
impressions accompanying the anthracite-bearing beds of the 
Western Alps. 
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Z. EBUPTION OF ETNA. 

?' 

' M. Fouqu6, in '* Les Mondes," April 6, 1865, writes that at 
f half-past 10 F. M., January 21, 1865, there was a severe earth- 
^ quake, and immediately afterward the eruption commenced. It 

broke out at the north-east side of the mountain, 1,700 metres 
I above the sea, and 500 from the foot of the old bone of Fru- 

mento ; in two or three days the lava had flowed 6' kilometres, 
• with a breadth of 3 to 4, and a thickness of 10 to 20. There are 

7 craters. There are four kinds of fumaroles there ; the diy, on 

the incandescent lava ; the acid, where the temperature is above 
^ 400° C. ; the alkaline, where the temperature is below this, but 

mostly above 100° C. ; and the carbonic, in an old crater near by, 
D^ wlit*re there is tlie ordinary temperature. There was a remark- 
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ahl« absfiiice of salphur and its eompoands, its odor not beiog 
luiraifptiblti, and papur contsiining' acotate of lead not bdn^Uid- 
cMu*d by tlio fumes. Munate of ammonia was detectea in tfo 
ncid finniintles, and, in small quantity, even in tho dry, as well » 
tlio alkaline. Tlie four lower craters detonated differently fron 
tlie oilier tiiroe ; tho detonations of the latter were two or time 
per minute, resembling thunder, while those of the former were i 
contniuous serieti, too rapid to be counted, like the blows, of i 
hummer on an anvil. 

VOLCANIC ERUPTION AT MAITNA IiOA, HAWAIL 

A jet of lava, of more stupendous proportions than anjerer 
conceived of, is described by Mr. Coan in the Honolulu "Friend'' 
of February, in his account of the eruption of MajinR Los, (mtfae 
Island of Hawaii, in 1»65-1866. 

*' The eruption commenced near the sammit of the mountaiD,iDd 
only five or six miles south-cast of the eruption of 1843. Fortwe 
days tills summit crater sent down its burning' floods abng Ae 
north-eastern slope of the mountain ; then suddenly the valvedned, 
and tho great furnace apparently ceased blast. After tfairtr-sx 
hours the fusia was seen bursting 'out of the eastern side <m ^ 
mountain, al>out midway from the top of the base. 

'* It would seem that the summit lava had found a subterrueu 
tunnel ; for, half-way down the mountain, when coming to a weik 
point, or met^ting with some obstruction, it burst up verdcaUj, 
sending a column of incandescent fusia one thousand feet faigk 
into the air. This iirc jet was about one hundred feet in diam- 
eter, and was sustained for twenty days and nights, varying in 
h(;ight from one hundred to a thousand feet. The disgorgemeot 
from the mountain -side was often with terrific explosions, whidi 
shook tlie hills, and with detonations which were heard for fuctr 
miles. This column of liquid fire was an object of surpass^ 
brilliancy, of intense and awful grandeur. As the jet is^ 
from the awful oiitice, it was at white heat. As it ascended 
higher and higher, it reddened like fresh blood, deepening it« 
color, until, in its descent, much of it assumed the color of clotted 
gore. 

** In a few days it had raised a cone some three hundred feet 
high around the burning orifice, and as the showers of burninj 
mmerals fell in livid torrents upon the cone, it became one vast 
heap of flowing coals, flashing and quivering with restless action, 
and sending out the heat of ten thousand furnaces in full bla^t. 

•* Tho struggles in disgorging the fiery masses, the upward lusli 
of the column, the force which raised it one thousand vertical 
feet, and the continuous falling back of thousands of tons of 
mineral fusia into the throat of the crater, and over a cone of 
glowing minerals, one mile in circumference, was a sight to inspire 
"^we and terror; it was attended with explosive shocks which 
'emed to rend the mnral ribs of the mountain. From this foontaii 

fiver of fire went rusliing and leaping down the mountain witk 

^ftzing velocity, tilling up basins and I'avines, dashino^ over preci- 
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■i {does and exploding roc)cs, until it reached the forests at the base 
ciB of the mountain, where it burned its fiery way, consuming the 
a« jangle, evaporating the water of the streams and pools, cutting 
m down the trees, and sending up clouds of smoke and steam and 
SK murky columns of fleecy wreaths to heaven. 
sp " All Eastern Hawaii was a sheen of light, and our night was 
3ii tamed into day. So great was our Ulumiuation that one could 
ti! read without a lamp, and labor and travelling and recreation 
might go on as in the daytime. Mariners at sea saw the light at 
two hundred miles distance. 

** In the daytime the atmosphere for thousands of square miles 
would be filled with a murky haze, through which the sunbeams 
if Bhed a pale and sickly light. Smoke, steam, gases, ashes, cin- 
u ders floated in the air, sometimes spreading out like a fan, some- 
c times careering in swift currents upon the wind, or gyrating in 
ever-changing colors in fitful breezes. The point from which the 
r fire-fountain issued is ten thousand feet above the level of the sea, 
. thus making the igneous pillar a distinct object of observation 
. along the whole eastern coast of Hawaii. 

** During the eruption the writer made an excursion to the 

scarce. After three days of hard struggling in the jungle and 

over fields, ridges, and hills of bristling scoiia, he arrived near 

sunset at the scene of action. AU night long he stood as near to 

; the glowing pillar as the vehement heat would allow, listening to 

I the startling explosions and the awful roar of the molten column, 

r as it rushea upward a thousand feet, and fell back in a fiery ava- 

! lanche which made the mountain tremble. The fierce, red glare, 

~ the subterraneous mutterings, the rapid explosions of gases, the 

rushes and roar, the sudden and startling bursts, as or crashing 

^ thunder — all were awe-inspiring, and all combined to render 

the scene one of indescribable brilliancy and of terrible sublimity. 

The rivers of fire from the fountain flowed about thirty-five miles, 

and stopped within ten miles of Hilo. Had the mountain played 

ten days longer it would probably have reached the shore.*^ 



^ ASCENT OF HOUNT HOOD. 

* A correspondent of the *' Springfield Republicans^ gives an ac- 
count of the ascent of Mount Hood, Oregon, recently, by Prof. A. 
f Wood, and a party of gentlemen. It would seem that Mount 
-^ Hood is really a volcano, and that it is the highest mountain in 
? the United States, 17,600 feet high. He says : -^ 
^ *' The summit area is of verv limited dimensions — a crescent 
'^ in shape, half a mile in length, and from three to fifty feet in 
^ width. It is a fearful place, as it is the imminent brow of a preci- 
^, pice on the noiih, sheer down not less than a vertical mile s.i bare 
' columnar rock. This height is lifted so far above all other heights 
,1 (except the four distant snow-clad peaks to the north, and Mount 
l^ Jefiferson on the south), that the country beneath seemed de- 
[ pressed to a uniform level, and the horizon retreated to a distance 
of more than two hundred miles, including nearly all Oregon and 
23 
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Washinirt'^n Territories. The sublimity and grandeur of tbt 
vif w 1 iuii<t \vik\e to the imagination of the n^ader. 

** A i\in«m i*( enormt^us d(*]>th plang^es dt>wn along the soDtb- 
eA.<t bank. :tnd i^ tilled in part by a g'lacier evidently in motion, and 
haviriiT l>t'I<>w a very abrupt termination. Terminal and lateml 
uio mines ui:irk it4 course, and a ton*ent of water issues from 
U*ne;ith. While we delaved here, an avalanche of rocks, an im- 
mense mas*, startfd by the wind, thundered down the left wall 
of thi* i':uitm sevoml thousand feet, and its track was marked by 
a ir.iil .'f while siu»ke. Ou the west side of the ancient crater, 
at the base vf a vast cni^gry pinnacle of rocks (a poition of the 
aiui'-nt rim I'f the enitei-), is still an open abyss, whence issoe 
eonstantly vi»!ism'.*s of stn^n^iy sulphurous smoke. That there is 
als^t heat thert*, i< evident from the immense depression of the 
snow abi>ut this place, — ilepi-essed not less tluin one thousand 
feet below the snows which till to the brim other portions of the 
ancient cnuer."* 

SCUD VOLCANOES. 

Prof. Ansted communicated a paper to the Geological Sodetj 
on the mud volcanoes and salt lakes of the Crimea, giving an 
account of his nvent explorations of the seat of the great Russian 
cam|vaij;ni. He thinks that mud volcanoes are due to causes not 
different in their nature from those of onlinary volcanoes, though 
far li'ss jviwcrful in di-jri-ee. He concludes that the facts, 1, 
That the volcanic axis is iiU^ntical with the great elevation axis: 
2, That the axis of the smallest an«l mi>st recent action of mnd 
volcani.H's i*, in like manner, parallel to the most important more- 
meuts that have aftected the surface of the globe ; 3, That chem- 
ical chanjres and results, mineral waters, naphtha, and eniptions 
of various gases, are all connected very directly with similar lines 
of action ; — are all sufficiently indicative of a general causation. 

VOLCANIC ERUmOX IX THE BAY OF THERA (SANTORIS). 

From Greece, intelligence has arrived that a new island began 
to rise above the levi'l of the sea in the Bay of Thera (Santorii) 
on the 4th of Febniarv, 1S»3».>. and in five daVs attained the heigiii 
of fivm one hundnil and thirty to one hundred and fifty fitrL 
with a length of upwards of three hundred and fifty feet,'anda 
Invadth ot' luie hundred feet. It continues to increase /and consisB 
of a rusty black metallic lava, ven- heavy, and resemblin"^ hall- 
smelted scoria which has boiled up from a furnace. It contains 
many small whitish semi-transparent particles disseminatiM 
through the mass like quaiiz or felspar. 

The island of Santorin, or Thera, is of a crescent shape, andis 
apparently part of the crater of an enormous volcano, eighteen 
milt's in circumference. The islands of Therasia and Aspn>nL«i 
Were separated i'nnu Calliste, the Beautiful, as Santoiin wasthrn 
called, by an earthquake, described by Pliny. Tlin-e sniali 
^ands, thrown up at ditlVi-ent periods, are situated nearlv at the 
^ntre of the crater, and \X.*^ Xx> \Nw. ^k»>ss^ ^iS. vs^ift. ^ tli£s«.\ Xeo- 
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Kaimeni, that the new island has just made its appearance, which 
phenomenon has been fully described by the Athens correspond- 
ent of the •* Times." It will probably form a junction with Neo- 
Kaimeni, which was raised in 1707 and the' following years. The 
best account of the island of Santorin and the sun*ounding islets 
is perhaps that contributed by Lieut. Leycester to the twentietii 
Tomme of the '* Journal of the Royal Geographical Society .** 
Those of our readers who care to know more of this interesting 
Tolcanic group, in which, as Humboldt says, we may trace the 
'; perpetual efforts of nature to form a volcano in the middle of a 
• crater .of elevation, will do well to refer to it. The paper is ao- 
\ companied by an Admiralty chart, on which the soundings are 
'. laid down. 

*; The new island was named •• Aphroessa " by the Greek com- 

" missioners. It was stated to be one hundred yards long by fifty 

-^; wide, and to be daily increasing in size. Volcanic eruptions had 

-.^ taken place in two localities, one in the new island, and the other 

in what was called Mineral Creek, which is about two-fifths of a 

mile distant, and which had been completely filled up with lava. 

Considerable concussions were experienced at Patras and other 

' parts of Greece, which were by some attributed to an earthquake, 

and by others to volcanic explosions ; but, with these exceptions, 

no earthquake had attended the eruptions or the formation of the 

island. 

The results of a long letter by M. Fouqu6 are thus summed 

tip : 1. A fissure in the soil lying 20° N.E. exists in the southern 

part of Neo-Kaimeni ; Georges, Aphrocssa, and Reka, being the 

three principal points. At their level there issue from this fissure 

currents of lava, which diverge from every side towards the south 

- and north ; that is, very neany at ri^ht angles to the direction of 

the fissure. 2. The dimensions of me three centres of eruption 

=. become larger every day, much more owing to the development 

- of these currents than to the upheaval of the soil. 3. There has 

been a considerable upheaval of the floor of the sea between 

r^ Keka and the southern point of the Paleo-Kaimeni. 4. There has 

^ also been very lately a very marked upheaval of that portion 

is, of Neo-Kaimeni comprised between Georges and Aphroessa. 5. 

'. The sinking of the south extremity of Neo-Kaimeni, which seemed 

i t to ha\e come to an end, has again commenced. 6. Georges, 

h='. Aphroessa, and Reka are completely reunited with Neo-Kaimeni. 

^ Since the eruptions at Santorin eaithquakes have become much 

^ less violent in the surrounding country^ and the fears of the in- 

^ habitants have been unnecessarily ffreat. A new fissure has been 

Z opened between Georges Island and Aphroessa ; and lava and tor- 

s^ rents of steam have issued from this vent, as well as much gas. 

The non-existence of a crater was considered by M. Fouque to be 

due to the small quantity of ejected matter and the feebleness of 

'.i the eruption. M. St. Claire Deville has shown that there exists a 

> certain relation between the degree of intensity of a volcano in 

< action and the nature of the volatile elements ejected ; and M. 

'f J«*ouque has been enabled to establish the truth of Vhis law. Thuis, 

'^ in on eruption of maximum intensity, tlie predonvvvvAXvVN^^Vaaia&ii 
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product Is chloride of Bodlum, aooompaaied by the salts of tods 
and potash ; an (iruption of the secona order ^yes hydrochlorie 
acid and chloride of iron ; in the third degree, sulphuric add sod 
salts of ammonia ; and, in the fourth or most feeble phase, steam 
only, with carbonic acid and combustible ^ases. The eruption at 
Neo-Kainieni has never exceeded the thu^ de^ee of intenrity; 
and, when it excited the ^atest alarm, it gave off only sulphorie 
acid, steam, and combustible gases. 

Tlic active volcano now forming part of the Neo-Kaimeni lala&d 
continues to increase in size by the addition of volcanic matter 
ejected from the crater, and me rate of increase of the new 
island siiaatcd to the south-west, near St. George^s Bay, is cod- 
siderably U;ss than at first. The new island contains the enter 
of a second volcano, thirty feet in height, i^ith a circular base of 
three hundred yards ; and, judging from the soandinss obtained 
at Faleo-Kaimeni and St. George's Bay, it is probaUe that the 
island will eventually fill up the bay. 

THE 8TBUCTURE Ain> AFFINITIES OF £0Z05lf CAKADENSI. 

This object has been the cause of much discussion among geol- 
ogists, some maintaining it to be an inormnic substance assamitf 
an animal-like form, while others have decided that it is a foesL 
Messrs. King and liowney, of Qucen^s College, Galway, in Jan* 
ary, 18GG, maintained, before the Greological Society, thatitistbe 
result of what thoy t(?nn mineral segregation. The following hid 
been communicated t^) the ** Reader** as early as June 3, 1865:- 

•* For several weeks past we have been engaged in investigi- 
ting the microscopic structure of the serpentine of Connemara, is 
comparison with that of a similar rock occurring in Canada, which 
has attracted so much attention of late. For a considerable po^l 
tion of the time, we entertained the opinion, in common with Sir 
William Logan, Doctors Dawson, Sterry Hunt, Carpenter, »dl 
Professor Rupert Jones, that the Canadian serpentine is of oiguv 
origin, the result of the gro^iJi of an extinct foraminifer, calM 
Eozoon Canadense. It was also our belief for a while that the Gofr 
nemara rock had originated from a similar organism. Gradttflj 
of late, however, we have been reluctantly compelled to change 
our opinion. 

" It is now our conviction that all the parts, in serpentine, wtf 
have been taken for the skeleton-structures of a foraminifer, ir 
nothing more than the effect of crystallization and segregatioiL* 

Dr. Uaipenter followed with a paper showing that it is a fow 
iniferous fossil. In this paper Dr. Carpenter stated that a reer 
siliceous cast of Amphisteo^ina from the Australian coast exhihr 
a perfect representation of the ** asbestiforni layer," which hadj 
viously led him to infer the nummuline affinities of that ane 
forammifer, — a determination which has since been confirms 
Dr. Dawson. TVv\a " w.?5Vie?>\.\lwm\2.'^vix^^ -sR'aa ^.bown to exhif 
Eozoon a series oi TOTtv«tV«i)o\<i ^vwc\v\\AQrw&,^>Ntf$c^ ^'5fic^\*^'^ 
paralleled by those w\\\e\i e-xX^X. m V3c^^ ws>ax^ ^ISiafcNsiss? 
abcUs of exiBtang nutoxxixxAMi^ to^xaffixi^x^, ^^^^ \k^ Xsr. 
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widi a strnctiire exactly similar to the lacunar spaces intervening 
between the outside of the proper walls of the chambers and the 
intermediate skeleton, by which they become overgrown. He 
stated that, even if the remarkable dendi-itic passages hollowed out 
in the calcareous layers, and the arrangements of the minerals in 
the Eozpic limestone, could be accounted for by inorganic agen- 
cies, there still remains the nummuline structure of the chamber 
walls, to which no parallel can be shown in any undoubted min- 
eral product. — Popular Science Beview, Aprils 1866. 

DBIFT IN BRAZIL. 

According to Prof. Agassiz, as reported by his son in ** SiUi- 

man^s Journal,^ for Nov., 1865, at Tijuca, a cluster of hills about 

eighteen hundred feet high, and about seven or ei^ht miles from 

Rio, there is a drift hill with innumerable erratic boulders, as 

characteristic as any ever seen in New England. He had before 

seen unmistakable traces of drift in the Province of Rio and in 

Minas Geraes; but there was everywhere connected with the 

drift itself such an amount of decomposed rocks of various kinds, 

that it would have been difficult to satisfy any one not familiar 

"with diift, that there is here an equivalent of the Northern drift. 

There is found at Tijuca the most palpable superposition of drift 

and of decomposed rocks, with a distinct line of demarcation 

between the twa. 

' This locality afforded an opportunity of contrasting the decom- 

^, posed rocks, which form a characteristic feature of the whole 

country, with the superincumbent diift, so as to be able hereafter 

^ to distinguish both, whether found in contact or separately. 

^ These decomposed rocks are quite a new feature in the structure of 

^ the surface of the country. Granite, gneiss, mica slate, clay slate, in 

^ fact all the various kinds of rocks usually found in old metamoi*phio 

^ formations, are reduced to the condition of a soft paste, exhibiting 

^ all the mineralogical elements of the rocks as they may have been 

2 before they were decomposed, but now completely disintegrated, 

^ and resting side by side, as if they had been accumulated artifi- 

r oially. Through mis loose mass there were here and there larger 

. or smaller veltas of quartz rock, or of granite or other rocks, equally 

^ disintegrated ; but they retain the arrangement of their materials, 

. showing them to be disintegrated veins in large disintegrated 

■ masses of rocks. The whole passes unmistakably to rocks ot the 

^ same kind, in which the decomposition or disintegi'ation is only par- 

^ tial, or no trace of it is visible ; and the whole mass exhibits, then, 

^ the appearance of a set of oi*dinary metamorphic rocks. It is plain 

f tfhat such masses forming everywhere the sui-face of the country 

'' must be a great obstacle to the study of erratic phenomena ; and 

^ it is not wonderful that those who seem familiar with the country 

^. should entertain the idea that the surface rocks are everywhere 

*^ decomposed, and that there is no erratic formation or drift here. 

■>' Bat, upon close examination, it is easy to aeift\)[vaX.,'w\C^^^^^^ 

I f composed rocks consist of the small pat\itt\es ot >i5ftfe ^T^s^Joc^^^k 

a^ rocks, which they represent, with their \eVx\B «ai"Ql «^ ofOasfc <2oaa»fe- 

9f 22* ^ ^ 
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tifriHiic fcatiiros, there in not a trace of larger or smaller bonlden 
in thi'ni ; wliilo llio f<u]ierincnmbent drift, consisting of similar 
parts, <lni*s nf>t show the slif^htest si^n of the indistinct stradika- 
liiMi ch.iniHJTistU'! of ihe (i«'Comix>sed metamorphic rocks below 
it, iHir any of tht^ ilpconijtoseil veins, but is full of various kinds of 
l>ouhl(>rs of (litrtTfnt (hmonsions. The boulders have not jet 
l)«M*n tr:u'(*d to thrir ori^^in ; the majority consist of a kind'of 
(ri*(^<'iist4iiio, i^onipojM^d of nearly equal amounts of a greenish blsck 
h«>rnl)l«>ii(lo and felspar. This greenstone is said by mining engi 
iicers to he found in the Entre Rios on the Parahiba, where iroa 
iniii(>8 ant worked in a rock like these boulders. Thus far,en- 
d('n<!e has been furnished of the action of glaciers only in the 
ext(>nrtive nec'imiulations of drift similar in its characteristics to 
Northern drift ; but no trace has been found of gladai action, 
pn>]><*rly npeaking, such as polished surfaces, scratches, and 
furrows. 

The decomposition of the surface rocks to the extent to wbieh 
it takes ])huM; hvm is verv remarkable, and points to a fi;eological 
n;^*ni^ thus far not fuAy discussed in our geological theoriei 
It is obvious that the warm rains, falling upon Uie heated soil, nuttt 
have a very |)<)weriul ac;tion in accelerating the decomposition of 
rocks ; it is like torn>nts of hot water billing for ages in successioi 
upon hot stones; and, instead of wonderino" at the amount of dn- 
eomi>os(Ml ro(*ks, wo should rather wonder that there are any rocb 
left in tlieir primitive condition. 

G1<X)TX)GY OF THE VALLEY OF THE AMAZON. 

TJte BaMn of ihe Amazon, — Prof. Agassiz, in his lectures before 
the I^well Institute, in Hoston, in October and November, 1866, 
mad<j the following st^itements in regard to tho geology of the val- 
ley of the river Amazon, from his personal observation. The fonna- 
tion of this basin is the same for a distance of three thousand miles. 
It consists : 1. Of a horizontal bed of white thinly-laminated clay, 
on which the river tlows, and exposed at low water, this water-level 
showing that the basin has not changed its relative position with 
tiio ocean since its formation. 2. Over this is a ferruginous sand- 
stone, in horizcmtal stratiiied layers, forty to eighty feet tiiick. 
lat(;r than the old red sandstone, and even than the trias, to which it 
luid been reft;rred respectively by Humboldt and Martius. 8. 
Over this, on the slopes near the water, and on the top of the flit 
mountains setm from time to time, is an ochre-colored, very rich 
loam, constituting the fertile lands of the valley.- These fla^ 
topped hills, once a ccmtinuous mountain ran^e, have assamed 
their shape of rounded hills by denudation from the weather. 
luMivy rains, etc., — the only instance known of mountains made 
by simple donutlation, as these are generally the result of up- 
heaval or sul)sidenee. These sti-ata must have been deposited 
perfectly horizontal, in a walled basin ; in this valley we have the 
^des on the west, the mountains of Bolivia and the table-land 

^ BrazQ on the south, the high land of Guiana at the north ; bot 

Mhing on the east, toward w& ooeoAi. 
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•».• Erosion of ihe Coetst of Brazil, — He said that there had taken 

• « place on the coast of Brazil the most extraoi*dinary encroachments 

2^ in the annals of geology, that there had also been great displace- 

■^J, ment in the whole Amazonian valley, and that all these changes 

^. had occurred within a comparatively recent geological period. 

^;, It had become an axiom in geology that the highest mountains 

-« were the most recent ; and, therefore, the table lands of Guiana 

^l and high lands of Brazil are older than the Andes. It had 

^^' been ascertained, by scientific explorations fifteen years ago, 

j^ that the slopes of the mountains dipping toward the north con- 



^ tain deposits belonging to the transition period. The recent 
' had many of the~ characteristics of the valley of the Mississippi^ 



upheaval of the Andes showed that the trough now formed by 
^' them was once open to the Pacific. This vaJley, in its formation. 



^ — — — — _ . — —^ ^_ _ — » — — .^-^^.y 

^ which was formed, fii*st, by the upheaval of the Laurentian hills 

to the north, trending east and west ; next, the upheaval of the 

Alleffhanies, trending^ north and south, and leaving the plain of 
J the Ohio open to the racific ; and, last, the upheaval of tiie Rocky 

Mountains. It became therefore an interesting question, how far 
^ the Mississippi trough was lined with cretaceous deposits. By 
^ the discovery of fossil fishes in the Ceara region, its a^e had been 
^ determined as belon^ng to the cretaceous period. He was free 
'- to admit that the basm had its present outline since the cretaceous 
^^ period, and that whatever was now found within that trough was 
^ younger than the cretaceous beds. It had since been filled wiUi 

deposits before described, and was now losing ground by the 

encroachments of the sea. 
sa He gave the results of his examination of the coasts of Para 

River, and other localities farther south, proving, by the existence 
^^ of fragments of peat and stumps of trees on the coasts below 
"^ hlghwater mark, that solid land once existed where now the sea 
=C; flows. There was evidence that there was a time when the bay 
' ' of Narajo, now sixty miles wide, did not exist. Great changes 
^*^ had taken place even within three years. Encroachment was 
■^ going on everywhere at the mouth of the Amazon, by the conflict 
-* of the tidal currents with the waves of the sea. There could be 
^ no doubt that all the islands on the coast owed their existence to 
7^ this cause, and that the coast was once a continuous line. If so, 
'^^ the question arose. Through what channel did the Amazon then 
-^ discharge its waters F He answered this question by giving his 
T opinion diat the river foimerly found its way through what is now 
^' the island of Narajo. 

^' In considering the question how far these encroachments had 
"^ gone. Professor Agassiz stated his belief that the coast formerly 
' ^ extended three hundred miles beyond its present boundaries, from 
T the promontories of Ceara to Eastern Guiana. It was also prob- 
^ able that some of the streams, now flowing into the ocean south 
• of the Amazon, were tributaries of that river before the coast was 
^ encroached upon bv the sea ; and he was inclined to believe that 
1^ the coast in the vicmity of the Orinoco had been similarly denud- 

ed, and that the continent was once joined with the West India 
' Islands. How far the Gulf of Mexico owed ita*eTdBtAn&ft ^ ^Iba 

same origin was a question for geo\og\eta W ^^c^d^. 
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lie commented at some length upon the difference in the 
appcianince of the glacial materials in the valley of the Amazon 
and in more Southern |Mirts of Brazil. In the valley, he observed, 
these materials were regularly stratified, while in other localities 
they were blended. He had drawn from the firat-mentloned fiut 
the conclusion, that the valley was once barred to the sea and 
formed into a lake by the accumulation of a moraine ; and, upon 
investigation and inquiry, he had found evidence to sustain this 
theory, in the existence of extensive remains of the moraine. 

On the Dr\ft and Glacier* of ike Amatsan VaUey. — Takmg the 
regions about the provinces of Ceara and Rio for illustration, he 
said the whole country within the former province is flat; bat from 
this plain rise hills ot considerable height, some reaclung as high 
as three thousand feet. These mountain masses are composed of 
metamorphic rock, and present a remarkable decree of disint^n- 
ion. This disintegration can be seen, in the neighborhood of Bio, 
penetrating at least three hundred feet, even where the rook is con- 
tinuous fVom the surface downward. The solid rock is not only 
affected by this disintegration, but the loose materials show it, so 
that it is difficult to recognize their primitive condition, and to 
trace their relation to the original material on wliich they rest He 
was satisfied that large masses of what we call drift; rest on the 
tropical solid rocks, as well as upon the rocks in the northern re- 
gions ; and that these are erratic is plain from the fact that thej 
are not of the same mineral character as the rocks underneath 
them. In this connection he stated that it was a curious fact, that 
wherever rocks have been moulded by the i>ower of ice they pre- 
sent a rounded, dome-like shape. This condition of these rocb 
and loose material is proof of the former existence of glaciers. 

But we have more direct evidence of the existence, at one time, 
of local glaciers. In the vicinity of Man^ouva he had been stnidi 
with the character of the loose material, and upon examinadoQ 
had found that on both sides the vallev, on the steep slope of the 
mountains, there were large accumulations of boulders. These 
boulders were fiimly fixed on the slopes, but none were at the bot- 
tom of the mountains.. Inquiring of the inhabitants of this region 
concerning these boulders, he had learned that they existed no- 
where in Uie depressions, but were suspended alons^ the valley on 
the sides of the mountains. He had moreover found this to be the 
case throughout the chain. Now, if these had been brought by 
water they would have slid to the bottom, and could not have 
fiistencd themselves upon the sides of the mountiiins. He said that 
. in his mind these were proofs, beyond the possibility of a doubt, 
of the existence of local glaciers descending from the summit oif 
the hills to the plains, posterior to the great extension of ice over 
the continent. 

Ao;ain alluding to these boulders, he said that he had found these 

perch rocks, on the summit of the mountains, of an entirely differ* 

ent cliaractcr from the rocks on which they rest. And these must 

have been brou<;l\t b-y an «i%fexi^5^ woxvok C^^x \3cs»KvVi<^, If thev 

'»id been broughtbyfLoo^,\Jkifc^^cAA^\^x^Nyi^\v^k!ct^-^^x^^^^' _ 

le of the hilla. But li \\ie \io\x\A«ta>a»*^^i^^ ^^ax^^^^x^s^sB^sC^s^ 
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of a sheet of ice, they would hayebeen placed as they are; for 
when in course of time the ice began to wane, it would lessen in 
thickness nearest the prominent points underneath, and would 
gradually melt away from them, and drop the boulders on their 
summit, and in time leave thepa firmly stationed, away from its 
action. He concluded, then, from these facts that, at one time, in 
that now tropical region, there was an immense sheet of ice mov- 
ing over the valleys and mountain peaks, and that gradually it had 
melted away, leaving its marks and tracks behind. 

On the supposition that the valley of the Amazon was once filled 
by an immense glacier, the horizontality of the strata would be 
well explained. At first the ice melted slowly, with still water 
underneath, with a deposit of the finest materials ; as the ice melted 
more rapidly, the under-current became stronger, with a more 
disturbed deposition of coarser materials. A moraine was also 
found on the southern side. These deposits could not have been 
made by the sea, nor in a large lake, as they contain no marine 
nor fresh-water fossils. 

From the facts developed, the conclusion had been reached, 
that there was a time when not only the northern and southern 
hemispheres, and the temperate zones, were covered with fields of 
ioe, but when the phenomena extended over the tropical regions. 
It might be said that one proof of the phenomena was wanting, 
for nowhere had he been able to trace the polished rocks. But 
then, nowhere had he seen rocks which had not been more or less 
decomposed, owing to the action of moisture and heat ; so he 
could not say that he had in any case seen the natural sm'face of 
the rocks, and therefore it-coula not be wondered at that the evi- 
dence of attrition was wanting. The other collateral evidence is 
full, and as extensive as in the northern and more temperate 
regions. 
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OR. PHYSIOLOGY, ZOOLOGY, AND BOTANY. 



PROORBSS OF PHTSIOLOOT. 

Prof. Huxley delivered an address to the ** Section of Biologjf" 
of the British Association, in 1866, from which we extract the lol- 
lowinfr : «< The microscope has lately been to physiology nradi 
what the steam-engine has been to mannfacture and transit. It 
has opened up new re^ons for observation, and siven an entirely 
new direction to our Uiouffhts. The structure of the several tis- 
sues and organs has probably been made out as far as the present 
moans poimit, and we are occupied now in investigating their 
mode of formation and connection with each other. There seems 
much reason to think that they are more closely related, more 
continuous, than we have been in the habit of regsr^ng them." 
He goes on to speak of the probable continnity of me nerve 
fibres and nerve vesicles — of the other parts of the nerves itnA 
the tissues among which they ramify — of the areolar tiftsnes witli 
serous, fibrous, and mucous membranes, and with the stmctare 
of the various organs, and with blood vessels. ** We are thus re- 
minded of the fact that, in their emi)iTonic period, the several strao- 
tures, or the potential rudiments of them, were all blended in a 
homogeneous germinal mass; and we learn that, tiiough they 
have become differentiated, they have not become separateil, 
but retain, in their own mode of connection, the traces of their 
common parentage and of their early continuity. Such a blend- 
ing of ultimate tissue, as a remnant of embryonic condition, assists 
us to explain many things, such as the transfer of impressions 
and what we call sympathy, 

**We perhaps scarcely realize and appr^iate the bearings of 
the fact, that all the various tissues are formed from a primitiye 
homogeneous and continuous plexus, by the formation and sep- 
aration from one another ,of * portions,' * centres," ^masses/ 
• cells,' or whatever we please to call them, and their develop- 
ment into structure. Attention has been directed almost exclus- 
ively to the formation and development of these masses, and too 
little to their separation ; though the latter is a process little, if at 
all, less impoilant than the former, and must be effected by some- 
thing analogous to what we call abruption. Indeed, the work of 
abruption, or hollowing out, during the embryonic state, is little 
" active than that of secretion or building up. We are familiar 
its work in the formation of the areolar tissues and cavities 
ne, in the removal of the parts of the iris and eyelids that do 
Decome developed inU^ pei*manent structure ; but we are not 
*ps sufficiently impressed with the fact that the various cavi- 



BIOI/)6T. 275 

ties, canals, and spaces, in the interior of the body are dae to the 
same progress, and that the failure or arrest of it may be the cause 
of many of the so-called adhesions of seams and other surfaces, of 
the imperforate condition of canals, and the union of pafi» that 
should be free." 

"It is quite clear that what we call * Chemistry,* with its 
attendants, heat and electricity, plays a yiost important part in the 
animal machine ; and, probably, more information as to the nature 
of the organic processes is. to be expected from their chemical 
study than in any other way. We have found out that there is a 
yery close relation between a complete atomic formula and the 
vital processes, the amount of chemical tension which is expressed 
by the former being commensurate with the character of the lat- 
ter, and the amount of chemical change which t^es place in the 
textures being commensurate with the activity of the yitel pro- 
cesses. There seems good reason to believe that a muscular nbre 
is the container of a given amount of chemical force compressed by 
the medium of a high chemical formula, and existing, therefore, 
in a high state of tension ; that during its contraction tiie com- 
pressed force is set free by the decomposition of its structure — 
that is, by the resolution of its component elements, chiefly by a 
process of oxidation, to a lower formula or a state of lower ten- 
sion, at the same time that heat is evolved and electrical changes 
take place ; though the latter are not yet distinctly defined. It 
is impossible, therefore, to avoid the application here of the doc- 
trine of contractile force, which is being so clearly worked out in 
the organic world, and which seems to be the greatest advance 
that has for some time been made in our knowledge of the laws of 
matter. We can scarcely doubt that the chemical force which is 
set free during the decomposition attendant upon muscular action is 
the equivalent of the contractile force that is evinced, and of the 
heat that is evolved. In other words, a muscle may be regarded 
as the medium by which force is accumulated, rendered latent, or 
condensed in a condition of high chemical tension, and is, from 
time to time, as occasion may require, set free and converted into 
muscular or contractile force and heat." 

Change from Life to Death, — In relation to the transition from 
life to death, a change which takes place under ordinary circum- 
stances in the most delicate, insensible manner, — so that it is 
impossible to say when and how life ends and death begins, — he 
referred to the mode in which the parts of the ultimate tissue of 
the body become changed and cease to exist. £ven in the in- 
stance of the cuticle, a structure comparatively under the eye as 
we watch the transition of the spherical deeper components to 
the flattened forms of the superficial strata, and the disiDtegi*a- 
tion of the latter, we are at a loss to decide where living force 
ends. Clearly, it is not by an abrupt disintegration or solution, 
but by some slow insensible process, which savors rather of at^ 
mic change than of destruction. '* Then one is inclined to 
if the passage from the living to the unliving condition be o"^ 
insidious, inappreciable nature, may there not be a convei 
a like khid, an insensible originatloa of, ot qottv^t^oxi Nsi 
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and lifers forms, going on somewhere In the far recesses of N*- 
ture^s wombP*^ 

^ THE BRAIN OF THE nfFLACOSNT^ MAMlffATJA. 

In a paper published in the *' Proceeding of the Royal Society," 
by Mr. W. 11. Flower, *• On the Commissures of the Cerebral 
Ilemisphcres of the MaAupialia and Monotremata,^ is given the 
pn)^ress of cerebral anatomy, arising frona the controTersies of 
the last few years. It also demonstrates that all those animak 
which agree in the physiolo^cal character of suckling their 
young, and are separated thereoy from every otiier creature, also 
agree in possessing the remarkable transverse band of fibres 
wuich connects the two hemispheres of the brain, and is caild 
the corpus callosum, while neither bird, reptile, amphilua, nor 
fish, have hitherto disclosed a trace of that structure. 

Thus the process of cerebral anatomy, while it has destroyed 
the distinctions feigned to exist between man and the speechless 
higher mammals, has also annihilated the resemblances imagined 
to obtain between the lowest mammals and the ovipara. 

At the outset, a confirmation is afforded of the unportant £eu^ 
first observed by Prof. Owen, that the brains of «.nimi>.1a of the 
orders marsupialia and monotremata present certain special and 
peculiar characters, by which they may be at once distingcdshed 
from those of other mammals. The appearance of either a trans- 
verse or longitudinal section would leave no doubt whatever as 
to which ^roup the brain belonged. In the diflferentiating char- 
acters to oe enumerated, some members of the higher section 
present an approximation to the lower ; but, as far as is known at 
present, there is still a wide interval between them, without any 
connectinff link. 

The dif^rences are manifold, but all have a certain relation to, 
and even a partial dependence on, each other. They may be 
enumerated under the following heads : — 

1. The peculiar arrangement of the folding of the inner wall 
of the cerebral hemisphere. A deep fissure, with corresponding 
projection within, is continued forwards from ttie hippocam^ 
fissure, almost the whole length of the inner wall. 

2. The altered relation (conseauent upon this disposition of the 
inner wall) and the very small development of the upper trans- 
verse commissural fibres (corpus callosum). 

3. The immense increase in amount, and probably in function, 
of the inferior set of transverse commissui'al fibres (anterior com- 
missure). 

But is not the main part of the ** corpus callosum ^ of the pla- 
cental mammals also represented by the upper and the anterior 
part of the transverse band which passes between the hemispheres 
of the marsupial brain, and radiates out in a delicate lamina above 
he anteiior part of the lateral ventricle P The most important 
ad, indeed, crucial test, in determining this question, is, its posi- 
on in regard to the septum ventriculorum, and especially the 
t>reeommissural fibres oV ^^ ioxuSx. y(\th£^u.t any <£>ubt, m all 
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marsupial and monotreme animals examined (sufficient to enable 
us to affirm without much hesitation that the character is univer- 
sal), it lies above them, as distinctly seen in the transverse sections. 
This is precisely the same relationship which obtains in man and 
all other mammalia, and this is one of the chief points in which 
not only the interpretation of facts, but the observation of them 
recorded in the present paper, differs from that of Prof. Owen. 

The defective proportions of the part representing the great 
transverse commissure of the placental manunals, which appear 
to result from or to be related to the peculiar confirmation of the 
wall of the hemisphere, must not lead to the inference that the 
great medullary masses of the two halves of the cerebrum are by 
any means "disconnected," The want of the upper fibres is 
compensated for in a remarkable manner by the immense size of 
the antenor commissure, the fibres of which are seen radiating 
into all parts of the interior of the hemisphere. There can be 
little doubt that the development of this commissure is, in a cer- 
tain measure, complementary to ^ that of the corpus callosum. 
This is, moreover, a special characteristic of the lowest group of 
the mammalia, most remarkable because it is entirely lost in the 
next step of descent in the vertebrated classes. 

After a description of the brain of a bird, the conclusion is 
anived at, that, great as is the difference between the placental 
and implacental mammal, in the nature and extent of the connec- 
tion between the two lateral hemispheres of the cerebrum, it is 
not to be compared with that which obtains between the latter 
and the oviparous vertebrate. 

SOURCES OP THE FAT OP THE ANIMAL BODY, BY J. B. LAWES 

AKD DB. J. H. GILBEBT. 

In 1842, Baron Liebig had concluded that the fat of Herbivora 
must be derived in great part from carbo-hydrates of their food, 
but might also be produced from nitrogenous compounds. Du- 
mas and Boussin^ult had at first opposed this view ; but subse- 
quently the expermients of Dumas and Milne-Edwards with bees, 
of Persoy with geese, of Boussingault with pigs and ducks, and 
of the authors with pigs, had been held to be quite confirmatory 
of Liebig^s view, at any rate, as far as the carbo-hydrates were 
concerned. But at the Bath meeting of the British Association, 
in 1864, Dr. Haydon expressed doubt on the point ; and at the 
Congress of Agricultural Chemists, held at Munich last year. 
Prof. Voit, from the results of experiments with dogs fed on 
flesh, maintained that fat must have been produced from the nitro- 
genous constituents of the food, and that these were probably 
the chief, if not the only, source of the fat of the Herbivora. 
Baron Liebig disputed this conclusion ; and his son, Hermann Y. 
Liebig, has since sought to«how its fallacy by reference to cows. 
The authors agreed with the conclusions of these latter authorities, 
but pointed out the inadequacy of the data relied upon by Her- 
mann V. Liebig. They showed that, owing to the muc*^ 
proportion of aumentary organs and contents, the hi^hftt^ 

24 



278 AXXCAL OF SC1E2IT1P1G DISCOVERT. 

t*'r« of the food, the mnch larger amount of fat prodaced, both in 
P !icl<m to a pvexi weight of animal within a given time and to 
t:i'- :im<>iint of food consumed, the much less proportioa of the 
.-iiiliii uiaLttT of the food that passed off in the solid and liquid ei- 
cD'ti'm;*. and finally the larger proportion of fat in the increase, 
n-ults nbtuined with pigs must be much more conclosive thsn 
ih«»-*«' with iMther cows, oxen, or sheep. Numerous tables wen 
cxliiMtt'd, showing the results which had been obtained by the 
authors in i-xpiTiments with pigs, from which the following god- 
rlii-i»n'! w»'re drawn: 1. That certainly a large proportion of the 
fat of tht* IIiThivoni, fattened for human food, must be derired 
from uthi-r substances than fat in the food. 2. That when fed on 
th<* niitst api>n»priate fattening food, much of the stored np&t 
niU'^t lie priKiuced from the carbo-hydrates. S. That the nitro- 
giMioiis f'>n<titut'nt« may also serve as a source of fat, more espe- 
cially iu defect of a liberal supply of the non-nitrog^nons ones. 

VELOCITY OF XEBVOUS IMPRfiSSIONS. 

Mr. W. F. Barrett communicate? to the ** Intellectual Observer," 
for June, IstW), a paper '* On the Velocity of Nervous Impressions," 
from which the following are extracts: — 

What, then, is the result of the investigations of Helmholtzon 
the velocitv of the nerve force? It is one which, at first 8isrht,is 
niii-^t astonishing; for the rate of propagation, compared with 
otluT f«»riM'5, is extn-nu'ly slow. The velocity of light is aboat 
li»«i,«nH) mill's a SfLMind. and of electricitv even more ; but the ve- 
bu/ity of tlie ni?r\e f«>ive is only ninety feet a second, one-twentielh 
of the velocity of a cannon ball, about one-thirteenth of the veloc- 
ity of sound in air, and about equal to the speed of an express 
train. No sensilile diff«Ti'nce was found between the velocity in 
tin* nen-es of a man, and in those of a frog and other animals. In 
a crrature so long as the whale, the rate of ne^^'^ous transmission 
ln*tM»nies viTy perceptible when the extremities have to be mored. 
Tin' fact of a harpoon having been thrust into the tail of a good- 
sizinl whale would not be announoifd in the brain of the creature 
till a second after it had entered; and, as it would take a little 
more than anoth(T second before the command to move its tail 
would n*ach the appropriate muscles, a boat's crew might be far 
away before the animal they had pierced began to lash the sea. 
Tiu^ nervous force travels more slowly when the nerves are sub- 
mitted to a low temperature than when they are influenced by a 
high one. Besides the time required for the transmission of a 
stimulus through the ner\'es, the mind takes a certain period to 
form a conception, and then to prompt the limbs to act accordingly. 
This time, measured by a similar method, has been found to be 
about one-tenth of a second. The passage of a rifle-bullet through 
the brain would not occupy more thaft one-thousandth of a seeona; 
a stroke of lightning would pass through the botlj^ in much less 
time ; and thus a person killed by either of these means would die 
without consciousness having time to bo produced. The placid 
J«pect of those who have t\\v\a d\oA ^cwi^ \o ws^^^^^^^<\ nain was 
•rft prior to the insenaibWVt^ NvVAcXiloWa^fea^JJafc "wsx^^ 
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UMBS OF IffAMM ALTAf 

Dr. Burt G. Wflder, in the "Memoirs of the Boston Society of 
19'atural History," has brought prominently to view the remarkable 
relations eating between the anterior and posterior regions or 
poles of the vertebrate body, hoth as exhibitea in the structure of 
the bones and muscles of tiie limbs, and the more general rela- 
tions found in the body itself and the interns^ organs. The prin- 
oiple of antero-posterior symmetry or **lon^tudmality^* seems to 
be characteristic of vertebrates, and has not Deen observed among 
other animals. According to this law, the anterior and posterior 
poles of the vertebrate body have organs and parts that are hom- 
ologous and morphologically identical, although teleolo^cally 
very different, while the corresponding parts on opposite siaes are 
both morphologically and teleologicaUy repetitions of each other. 
The body is divided into four regions, the thorax and head cor- 
responding to the abdomen and pelvis. Some of the correspond- 
ing parts are as follows: **In the anterior region, enumerating, 
j&om above, that is fi*om the vertebral column downward, the nose 
or anterior nares, the upper lip, the mouth, the tongue, and the 
chin ; posteriorly, the anal opening, the perinsoum, the vaginal 
opening, the penis or clitoris, ana the pubes." There are two 
principal diverticula of the alimentary canal, the lungs and the 
urinary bladder ; the former open forward and the latter back- 
ward, and their outlets are between the pharynx or mouth and the 
tongue anteriorly, and the vao^nal opening and the clitoris poste- 
riorly. ** The thyroid gland is in relation with the larynx much 
as the prostate gland is with the neck of the bladder.'' The heart 
is considered only a more or less complicated enlargement and 
convolution of the great arterial trunk. The anterior limbs are 
shown to be appendages of the basal segment of the skuU, thrown 
backward by growth m the higher vertebrates, but occupying their 
morphological position in fishes and some young animals. 

OBIGm AND DEVELOPMENT OF ANDCAL LIFE. 

Prof. H. J. Clark, in his work entitled ** Mind in Nature," has 
fully discussed the various modes of reproduction, and increase 
among animals, the origin and early condition of ovarian ^Sg^j 
and me changes they ungergo as development proceeds. The 
^SS* considerea as the lowest condition of animal life, is shown 
to consist at first of a mere spherical aggregation of albuminous 
and oily matters, like a simple cell, but with a bipolar character ; 
t. «., the albumen concentrates at one side of the spherical mass, 
and the more oily portion of the yolk on the opposite side. 
While the eggs of infusoria never attain a more complicated 
structure than this, in those of higher animals a further change 
t^es place, resultingr in the formation of the so-called germinal 
vesicle and germing dot, which is to be considered only a con- 
tinuation of the process commencing with the imperfect separa- 
tion of tiie albumen from the oily portion in the lowest form of 
the eggf the difference being only in degree, and not \sl \dsA« 

N 
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Thn of^g Is re^rded na an animal from the first, but coi 
(iiily to Uie loweift forms of infusorial life. The coDtiaued derd- 
opnient of the c'gg, or embryo, is shown to depend more or le» 
ii|)oti secondary caurafl, — most so in the lowest animals, —and 
in thiH n^i»i)cct a comparison is miide with those germ-like fonns 
HUpi>osud to originate and develop wholly through secondarj 
causes. 

He ailopts the four grand divisions of Cavier, with modifio- 
tions; ami, with many others, believes that the Protozoa oonsd- 
tute a fifth division, as distinct from the others as those are amoo^ 
themselves ; but he n^gards them as merging gradually into eaa 
other, as clouds that touch and mingle somewhat at their borden. 
The bi|>o]ar relations in the organization of all animals, and the 
bihitcrality which is equally a fundamental feature of all, an 
illuMtrattMl ; and it is shown that this is as characteristic of Radi- 
ata as of the higher groups; and it is claimed that the more or 
less radiated ap])earancc is subordinate to bilaterality. The clast- 
aetiMistic feature of Protozoa is stated to be spiral! ty or obliquity, 
suix'rimposcd upon bilaterality. The Radiata are said to hare 
'* a tyiHs of organization in which tho various organs repeat them- 
8e1v(is, more or less, between the back and the abdominal mid- 
line of the body ; that is to say, they are laterally repetitiTe oo 
vixvh shle of an imaginary plane which divides the body exactlr 
into right and left halves.^^ The Mollusca are compared in a 
similar way to th(j other groups, thus : ** The Zoophytes are from 
back to front, dorso-veutrally, polymerous; the Articulata are 
from tail to head, nro-cephally, polymerous ; and the Mollusca 
are monomerous.'' hy det;viled comparisons , it is shown that there 
are no actual transitions from one of the five great divisions to 
another ; and that each has a distinct and characteristic mode of 
development and growth. — Amer. Jour, of Science^ May, 1866. 

SrONTANEOUS GENEKATION. 

A contest has been long going on between French savants on 
the question of spontaneous generation, some of the points of 
wlii(^li have been alluded to in the ** Annual of Scientific Discov- 
ery," for 18G5, page 330, — those on the one side maintiiining the 
questionable doctrine of spontaneous generation, whilst the cham- 
pions on the other side hold that, under existing conditions, no 
organism comes into being without the previous existence of some 
other organism. 

The French Academy appointed a Commission to endeavor to 
arrive at some settlement of the question, either by establishin;; 
heterogenesis (as the old doctrine is now called by its advocates) 
on the footing of an acknowledged fact, or finally consigning it to 
the grave of exploded theories. From an elaborate report, cora- 

^mcated in 18G5, by M. Balard, to the French Academy, on the 
^oedings of this Commission, it would appear that, owing to 
*n dmcaltiea raifteA Vi'^ \\\^ ^axW^^w^ ol W\5vxv^«vK^V5,^^<Jitj 
ble conaummatioii \ias\iot\iVift^«^'^^^^^^>^'^Xv..8s».V^'^^-. 



BIOLOOT. 281 

of the opposite opinion, under the inspection of the Commission, 
"wUl abundantly suffice to satisfy most unprejudiced minds. But, 
SB M. Balard observes in his report, '* as nothing is so abundant 
as vague and inexact observations, conclusions deduced, at least 
apparently, from direct experiments, have never been wanting 
to support this doctrine of spontaneous generation/' 

On the 22d of June, M. Pasteur commenced his series of experi- 
ments, in presence of the Commission and of his antagonists, 
MM. Fouchet, Joly, and Musset. He first exhibited to the meet- 
ing three glass flasks, filled with air collected on the Montanvert 
in 1860, and showed that, even after the lapse of four years, the 
solution of yeast contained in them had undergone no alteration, 
and was perfectly transparent. The analysis of the air of one of 
these flasks showed that it contained no carbonic acid, and that 
the normal quantity of oxygen (21 per cent.) was still present in 
it. Another flask was broken at the neck in such a manner that its 
orifice, directed upward, was less than one square centimetre. 
On Saturday, the 25th, five loose flakes of mycelium had already 
made their appearance in it, and these subsequently became con- 
siderably developed. Thus, to the single flask which MM. Joly 
'and Musset had declared would suffice to convince them, M. Pas- 
teur might have added many others, for of the seventy-three ves^ 
sels which he brought from the Montanvert and the «J ura, he has 
still a great number untouched, none of which exhibit any altera- 
tion. 

We now come to the description of M. Pasteur's series of experi- 
ments for the establishment of his view. Sixty glass flasks, each 
capable of containing from two hundred and fifty to three hundred 
cubic centimetres, were filled up to about one-third with a fer- 
mentescible liquid, prepared by boiling yeast in water in the pro- 

Soition of one hundred grammes to each litre. The necks of the 
asks were then drawn out into a fine tube, the liquid was boiled 
for about two minutes, and then each of the balloons was hermet- 
ically sealed. Fifty-six of the flasks bore this treatment without 
damage, four others were charged with the same liquid, and 
treated in the same way, except that their necks were merely 
di*awn out and twisted, without being closed. 

The next step in the experiments consisted in the fi*acture of the 
narrow necks of the flasks, so as to allow the air to rush into the 
interior, which it did with a whistling sound. This operation was 
performed by M. Pasteur, with all the precautions which he has 
always particularly insisted on. One of the flasks was found to 
have been imperfectly closed in the first instance, so that it had 
been gradually filled with air ; it forms one of the first series of 
nineteen fiUea in the amphiUieatre of the Museum. A second 
series of nineteen was filled with air on the outside of the dome of 
t^e amphitheatre, at its highest point ; and the remaining eighteen, 
forming a third series, were opened at Belle vue, in the middle of 
a grass plot, near a clump of large poplars. After the access nf 
air, the slender tubes of the necks were c\o&^^ >a^ >^^ «y 
The whole of the flasks were then aTratig,ed Vxv ^ q^v^lN^xINi 
in the Muaeum, togetiiGr witU three teaVg\a£ae^« ^^j^ddh. 
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limpid liquid employed by M. Pastear. The very next day Am 
liquid in tliese three glasses already showed indications of nume^ 
OU8 li.'ictffria, and its muddy appearance contrasted with the 
perft^ct tranHpanmey of that contained in the flasks. 

The rtisults of the observations of the three series of closed 
vessi*l8, up to the 20th of July, and aeain in November, are giren 
by M. Ualard, in three separate tables, and the final results sre 
summed up as foHows : — 

** Of nintfteen flasks of the first series, filled with air taken in die 
am])hitheatre, there are only five in which some organic develop- 
mentd wcra manifested ; fourteen remained unaltered. 

" The second series of flasks, full of air taken on the dome of 
the amphitheatre, presents thirteen which remained without alte^ 
ation, whilst only six ^ve origpin to living beings. But the 

£n>portion changes considerably in the flasks filled with air it 
^ellevuo ; out of the eighteen of these vessels, sixteen wen 
altered.*^ 

** If we regard germs as the cause of the developments prodaced 
in these experiments,^^ says M. Balard, ** we might be led to think 
tliat near a meadow, under trees, in the midst of these numerous 
sources for the production and dissemination of minute seeds of all 
kinds, the air won Id be more charged with them than in the beait 
of a town ; and, as we have just seen, the results of our experi- 
ments are in acconlance with this supposition.** He adds the 
curious fact that, whilst nothing but vegetation was produced in 
tlie Ihisks lillcd with air in Fans, seven of the Bellevue vessels 
also contained infusoria. 

Tlie four tlasks, with their necks drawn out and bent, but left 
open, were exhibited to the Academy in a perfectly unaltered 
condition at the time of the presentation of M. Balard^s report. 
That gentleman calculates that, from the effect produced by 
changes of temperature upon these vessels, the air contained in 
them must have been renewed at least seven times in the course 
of the experiment. But as the entrance of the air would be 
eflfoctcd slowly, it could deposit in the flexures of the tube any 
matters which mi^ht cause the development of organisms in the 
fluid. To asceitam whether this was really the case, the follow- 
ing experiment was made : The bent tube of a similar flask, which 
had been kept for three years by M. Pasteur, was sealed at its 
extremity with the blow-pipe. The flask was then violently 
shaken, so that the liquid contained in it moistened some parts ol 
the tube. Within two days, numerous organisms made their 
appearance in the liquid, and especially in that retained in the 
tube. 

"Thus," says M. Balard, "the facts observed by M. Pasteur, 

and disputed by MM. Pouchet, Joly, and Musset, are perfectly 

exact. Feimentescible liquids may remain without alteration 

"Ither in contact with confined air, or in contact with air which is 

equently renewed, and when, under the influence of tiiis fluid, 

^S organisms are developed in it, this development must not 

^attributed to the gaseous elements, but to solid particles of 

'Qioh the air may be freed by various means, as M. Pasteur hsi 

"•erted.'' 
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The Commission also commenced some experiments with an 
infusion of hay, the liquid recommended by MM. Fouchet, Joly, 
and Musset, but as the period of the year declared by those gentle- 
men to be most favorable for such operations was fQready passed, 
their further prosecution has been postponed until the coming 
spring and summer. M. Balard states, however, that such results 
as were obtained last year seemed to be confirmatory of those of 
M. Fastenr^s experiments. — Readery 1865. 

Dr. George Child read before the Royal Society a paper on the 
production of organisms in closed vessels, in wliich be states that 
Bacterians are produced **exacdy under the circumstances in 
"which M. Fasteur asserts that they do not exist. M. Fasteur, in 
his Memoir, speaks of examining his substances with a power of 
350 diameters. Now my experience throughout has been that it 
is impossible to recognize these minute objects, with any degree 
of certainty, even with double that magnifying power. I can 
now have no doubt of the fact that Bacterians can be produced in 
heinnetically sealed vessels, containino^ an infusion of organic 
matter, whether animal or vegetable, utough supplied only with 
air passed through a red-hot tube, with all necessary precautions 
for insuring the thorough heating of every portion of it, and 
though the infusion itself be thoroughly boiled. It seems clear 
that either the germs of Bacterium are capable of resisting the 
boiling temperature in a fluid, or that they are spontaneously gen- 
erated, or that they are not * organisms ^ at all. I was myself 
somewhat inclined to the latter belief concerning them at one 
time ; but some researches in which I am now engaged have gone 
J far to convince me that they are really minute vegetable forms. 
The choice, therefore, seems to remain between the other two 
I conclusions. Upon these I will not venture a positive opinion, 
\ but remark only, that, if it be true that * germs ' can resist the 
^ boiling temperature in fluid, then both parties in the controversy 
. are working upon a false principle, and neither M. Fouchet nor 
\ M. Fasteur is likely at present to solve the problem of spontane- 
ji ous generation." 

, The September and October numbers of the " Journal de PAnato- 
) mie et de la Fhysiologie " contain the results of some experiments 
j on spontaneous generation, by M. Al. Donn6, which appear to 
( the author favorable to this theory, although for a long time he 
has been one of its opponents. He has examined the result of 
exposing eg^s to spontaneous' decomposition during some weeks. 
He argued that, having thus an organized matter highly complex 
and naturally free from all floating atmospheric germs, — and as 
t^is matter contained in itself a certain amount of pure air, — it 
was in the best possible statd to give rise, in its alteration, decom- 
position, and putrefaction, to infusoria, or animalcules, the ordi- 
nary result of the putrefaction of animal matter freely exposed 
to the air. With a substance naturally free from all foreign mat- 
ter, and protected from exterior contact, like the egg in the a^**" 
the conditions of a crucial experiment would be realized. 
in this manner, the results were against the theory of sponl 
generation. 
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Bat the small quantity of air enclosed in the egg was not con- 
sidered suiBcicnt to determine the phenomena, and the experi- 
ments were tried again with certain modifications. The eggs 
were carefully washed, well dried, and then enclosed in a thick 
coating of cotton wool, taken out of a stove at 150^ C. A fine 
sharp rod, previously heated to redness, "wsa tiien inserted ob- 
li(]ucly through the cotton, and the tip of the e^g^ was pieioed 
with a hole. The eggs were then put in a Bafe place, and covered 
"with a belKglass. In a few weeks^ time the surface of the con- 
tents of the egg was covered with velvety-looking mould, wfa^ 
gray, yellow, or green. Under the microscope, this was sees to 
consist of organized filaments and beautiful globules of different 
sizes. There was, however, no trace of living animaloules. Sup- 
posing that the presence of water was needed, as the visooaily k 
the contents of the egg might hinder their development, a little 
boiling water was put into the egg, covered with cotton. In two 
da^'s, the substance was swarming with vibrios. The same ezp^ 
mcnts were then tried with hard-boiled eg^gs. The result, there- 
fore, appears to be, that we can produce at will vegetable or ani- 
mal beings in pure orcfanic matter, without the intervention of 
germs from without. Water is necessary to the development of 
infusoria ; and air is indispensable to the development of living 
beings of either kingdom. 

During the year 1866, arguments, more or less oonvincinf, 
have been accumulated on both sides of this question, so that it u 
impossible, at present, to decide in favor of or against the theory 
of spontaneous generation. 

NATURE OF HUSCULAB IBRITABILITr, BT BICHABD MOBBIS, NJ). 

The subject was discussed before the British Association in 
1866, under the following propositions: 1. That the property 
of irritability in muscle is capable of a high degree of exaltation 
above the normal standard, and that the highest degree of 809- 
ceptibility is attained in cold bloods, long alter deam, or under 
conditions tantamount to death. 2. That the forces of the nerve 
and muscle, the neurility of the former, and tihe irritability of 
the latter, are not only independent of each other for their exist- 
ence and maintenance, but actually possess an antaTOuistic rebr 
tion, — that is to say, nerve tissue, msteod of pi^oducmg, is, when 
in action, constantly concerned in maintaining a condition of 
things which diminishes muscular irritability, and tliat not simp^ 
when it is engaged in the production of motion. 3. Conversely, 
that muscular tissue, relieved from the operation or influence of 
nerve tissue, gradually acquires exalted contractile powers either 
in the presence or absence of the blood. 4. That the blood, or | 
the nutritional plasma derived therefrom, not only furnishes the I 
materials by which muscular irritability is maintained, but is like- I 
wise tlie determining cause of that polar arrang'ement of the I 
luscular molecules, which maintains or restoi'es the elongated or | 
Blaxed state. These prapositions were sustained by constant I 
Terence to experiment, rnxxc^Yi <^Tis^!\«t«&QrcL\^Vsk% devoted to thf i 
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proof that the principle of yolition, when in operation, exhausted 
the muscular and nervous forces, and produced the conditioii 
which, in common parlance, is recognized as fatigue ; and that, in 
. the absence of yolition, — or, what amounted to the same, nerye 
in action, — the forces of the system were considerably increased ; 
hence the use of sleep was obvious. The nervous system was 
not only concerned in exhausting the muscular during the pro- 
duction of motion, but constantly while maintaining the normal 
position of the animal. He said that profound etherization, sleep, 
fainting, and death, were different degrees of what might be 
called functional neural paralysis, in contradistinction to purely 
muscular, a form in which the special life of muscle was dimii^ 
ished or destroyed. The best condition for the exaltation of the 
peculiar life of muscle was the absence of nerve, as then the 
lorces were not expended as fast as the chemical reactions be- 
tween the muscular tissue and the blood led to their generation. 
In support of the final proposition, many experiments were ad- 
duced which cleai*ly showed that the relaxed or elongated condi- 
tion of the muscles was maintained by the blood, and that the 
blood, under* all circumstances, opposed the state of contraction 
which it was the special function of nerve to bring about. The 
various affections of muscular fibre, as they had been observed in 
the author^s experiments, were then described. 1. A muscle may 
exist in the elongated or uncontracted state, with all its dynamical 
powers perfect ; this is its normal condition, in the absence of voli- 
tional effort. 2. It may exist in this state, when deprived of all 
dynamics, or, in other words, in the absence of irritability. Both 
these conditions of relaxation mjay be associated with softness or 
flaccidity of the muscular structure ; the former necessarily so, the 
latter not, as the fixity of rigor may prevail. Again, a muscle 
may exist in a state of complete contraction, both in the presence 
and absence of its dynamics ; in a state of softness, or in a hard, 
coagulated state. As with the state of elongation, so with that 
of contraction, the truly dynamical state is one of softness. Prop- 
erly speaking, irritability is no more the tendency which a muscle 
exhibits to contract than the disposition itexhibitsto elongate, sub- 
sequently to contraction ; in fact, a comprehensive definition must 
include both these conditions ; neither are either of these states to 
be considered, as far as muscle alone is concerned, as conditions 
of rest, for they are both active states, so lon^ as the muscle is a 
vital structure, and both inactive when the dynamics of muscle 
are absent. The attractive state of the muscular molecules, which 
represents contraction is the condition in which force is exhausted 
by the apposition of unlike polarities ; while, in the state of elon- 
gation, being that in which every molecule is opposed to eveiy 
other, force may be accumulated. In proportion to the amount 
of force accumulated in the molecules wUl be the intensity of their 
contractive or elongative energy, and also in the ratiaof their 
charge will be tiieir proclivity to disturbance, or, in other wo 
susceptibility to stimuli. The author combated the view * 
Badcuffe, who regarded the contraction of a muscle as 
place simply on the withdrawal of somd oioTL^^aXas^lom 
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showed, by an uudysU of the yarioiis conditioiiB nnder wIM 
rnuHcle existed, that no theory met the oase so well as that of Da 
Boitt Raymond, in which the molecules of musde were re^aided 
as centres of electro-motor action, arranc^ed in a dipolar senes,* 
in a word, one flnid, two forces or poles, — the repulsive polar 
attitude maintained by the blood, and the attractive inducible by 
nerve and external stimulL 

THEORY OF ICUBCULAB ACTIOK. 

Professor Hcidenhain, of Breslau, has recently published a Me 
iicork on *' The Production of Heat, etc?, during Muscular Action," 
an account of which may perhaps prove not uninteresting to oar 
readers, since it bears closely on the application to physiolo^ of 
tlie doctrine of the conservation of force. A few woros of intro- 
duction, however, will be needed. 

A piece of dead flesh represents, by virtue of its chemical ele- 
ments, a certain amount of " latent energy,** which, in the natoral 
process of decay, is gradually set free as '< actual** force in the 
form of heat. The living muscle, in like manner, also represents 
a certain amount of " latent^' ener^. During life,' a metamor- 
phosis (oxidation) of the muscular tissue is continually going on, 
and, consequently, a quantity of *' latent** energy is continually 
becoming '* actual.** As long as the muscle is inactive, is at rest, 
docs not contract, the forms assumed by the liberated energy are, 
as far as wo know, those of electricity and heat. In every living 
muscle there are ** musclp-currents," and there is a certain amount 
of heat given out. But when the muscle enters into a state of 
activity, when it contracts, another element is introduced, viz., 
the mechanical work effected by the shortening of the fibres. In 
every muscular conti*action there are, therefore, four things to be 
considered, — the chemical action, and the production of electiio- 
ity, of heat, and of mechanical work. Anv comprehensive theory 
of muscular action must be able to show now these are related to 
each other. 

Is the chemical action natural to the muscle increased, or not, 
during contraction ? 

If so, what becomes of the surplus of ** actual ** energy thus lib- 
erated ? Does it all go over into mechanical work, or partiy into 
heat and electricity ? 

If not, is there any evidence of the direct conversion, during the 
act of contraction, of heat or of electricity, or of both, into mecLan- 
ical work, or of the diversion to the same end of some part of the 
force arising from chemical action, at the expense of some amount 
of heat or electricity ? 

That, during contraction, there is really an increase of chemical I 
action, has been generally admitted since the well-known expeii- i 
ments of .Ilelmholtz. Some, indeed, have spoken as if they though I 
that chemical action occurred during contraction only ; clearly an | 
erroneous conception. \o\V.\ias«Ao>e\fc^^V^\.\xv^'^a2ssJ5^ I 

in error of tiie oppoaVle ^\i^,Vs^ c.o\:ka\\^^\si^\k:kax^(5c^^,^Na^ 

rease of chemical actaou ^xjams^^^^^^^^^^^^^^^^s^^^-^^^ 
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increase t&kei» place in the excretion of urea after even violent 
exercise. Whatever may prove to be the fate of the nitrogenous 
elements of muscular tissue, there can be scarcely any doubt but 
that there is a large extra consuidption of hydro-carbonaceous 
material during muscular action. It is just possible to conceive 
that the increase of waste products which can be observed in a 
muscle, after a series of contractions, may belong not to the time 
of contraction itself, but to the stage immediately following, — may 
indicate, as it were, a kind of reaction foUowino^ the shock of the 
stimulus ; but there is not the shadow of a proof that such is really ' 
the case. It may be taken for granted that muscular contraction 
means increase of chemical action, and, therefore, increase in the 
total amount of ** actual energy '^ issuing from the muscle. 

^ With regard to one of the forms of energy proper to muscles,— 
viz., electricity, — we have known for some time past, that during 
contraction, a remarkable change occurs in the '* muscle-current.'' 
It is generally spoken of as '*the negative variation,^ and has 
been made the basis of Yoit's, as well .as of Dr. C. B. Radcliffe's, 
views on ttxe subject we are dealing with. 

The production of heat during muscular contraction has re- 
ceived much attention during the last few years. We need not 
specify the various observations here ; and Heidenhain contends 
that the delicacy of his own arrangements have enabled him to 
detect and avoid the errors of his predecessors. Frogs' muscles 
were used for the experiments. His results are briefly these : — 

1. During a contraction (that is, a single contraction, not a 
tetanus) , heat is always given out, the index of the apparatus 
showing a rise of temperature varying ftoia .001® C to .005° C. 

2. When a muscle (suspended by one end, and with a weight 
attached to the other) is stimulatea by a stimulus of constant 
strength, and loaded with a variable weiffht, both the heat given 
out and the work done (weight -[* heaQ increase with an in- 

' crease of the weight up to a certain limit (determined by the 
* condition of the muscle) , beyond which they both sink. 

3. When a muscle is stretched by a weight hung at one end, 
i but is prevented from contracting by being fixed at both ends, 

the amount of heat given out (on the application of a stimulus c^ 
f the same strength) varies directly as the extending weight, up to 
f a certain limit. 

4. When a muscle, excited by the same stimulus and bearing 
i the same weight, is in one case allowed to contract freely, but in 
i another prevented from so doing by being fixed at both ends, the 
f amount of heat given out on the stimulus being applied is much 

greater in the latter instance than in the former. 

5. When a muscle is connected with a small constant weight 
and a large variable one, in such a way that it always bears the 
strain of the former, but that of the latter only at such times as it 
contracts, both the heat given out and the work done (with the 
stimulus of same strength) vary directly aa tlv^ \«iX^^x ^^\^»« 

6. When the experiment is repeated mt\i tVie «\\fe\^>aCTOL VoaX^^ -> 
BBialler weight, whose strain Is continually YiOTtkfe^SaxasAfcNW^^JsA. 

iuid the larger one constant, bothlieaA; askA^iox^t^wrs ^ox«!««^ 
the variable weight. 
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I^avin<? oloctricity on one Mdc, and dealing", therefore, odIt j 
with h«':il anil work* as the "actual" forces set free daring coo- ' 
triU'tion, tht* :il>ovo oxpoiiments clearly lead to the conclusion that / 
X\w sum total of tho forces becoming "actual ^ during contrutioii 
«li'|)t'ii(ls on. is a function of the tension of the muscular fibre 
(hffon* and) during that act. Heidenhain obtained simikurre- 
Hults in cxptTinii^ntiiig with tetanus. To say that the sum total 
of t'oives sft free (luring contraction is influenced by the tension 
of !ln' liUres. is, of course, to say that the quantity of latent energy 
eoii>unic(l, the amount of chemical action concerned in the act,b I 
inllu<Miei>d liy the same means. We ou^ht, therefore, to find an id- I 
crease of waste products in muscles which are made to contract 
miller tension. Takuig <mc such waste product as an index of the 
others, lieiili-nhain satislicd himself not only that there was a pro- 
duetion of earl)onic acid during contraction, but also, that the 
umt>unt of it was in proportion to the sum total of force beoomiog 
** actual,'* and was a function of the tension of the fibres. 

That the men\ so to speak, physical extension of a muscnhr 
fihre should have a marked intlnence on the metamorphosis of its 
Fuhstanee, has been for a long time practically admitted, thoagh 
the matter had never been rigidly ascertained before tiie investi- 
pit ions of Heidenhain. The subject is not lacking in practicil 
nnportance ; but it is chiefly of interest, inasmuch as it bears 
very closely on the general tiioory of muscular action. — Beader. 

SOURCE OF MUSCULAB POWEK. 

Twenty years ago, physiologists would have attributed the 
Source oV museuljir jxiwer to something peculiar, developed bj 
li\ iiig animals, and termed vital force. The progress of scientift: 
(liset>very, however, rapidly dissipated the very crude notioL* 
wiiieli then existed reganling this mysterious agency. Wenof 
kni>w that an animal, however high its organization may be, can 
no more generate an amount of force capable of moving a grain 
of santl than a stone eau fall upward, or a locomotive drive J 
train witiiout fuel. AH that sueli an animal can do is to liberal 
tiiat store of force, or potential energy, which is locked up init» 
food. It is the cin'mieal change which food suffers in the bwlTOi' 
tin* animal that lihrrates the previously pent-up forces of tbi 
footl, wliieh now make their appearance in the form of actusl 
ent'rgy, — as heat and mechanical motion. From food, and food 
alone," eomes the matter of which the animal body is built up;a»i 
from food alone come all the different kinds of physical forct 
which an animal is eapahle of manifesting. 

The two chief forms of force thus manifested are heat and mils' 
cular motiim, or mechanical work. These have been almost ani- 
vei*sally traced to two distinct sources, — the heat to the oxidatiofi 
of the food, and the m<»chanical work to tlie oxidation of ^ 
muscles. This doctiine, first promulgated by Liebig, has be* 
within late years adopted by most physiologists, and has bert 
taught in all the text-books treating of the subject. The prps- 
mate constituents o( (ood Yka^N^ \^<e^TL VNA^\s&3bs divided intotn 



\ 



BIOLOGY. 289 

groups, — oarbonaceoos or non-nitrogenons, such as fat, starch, 
sugar ; and the nitrogenous, such as fibrin, albumen, and casein, — 
the former class being regarded as comprising simple heat-givers, 
that is to say, substances that furnish material for oxidation in the 
process of respiration, and thus maintain the temperature of the 
Dody; the nitrogenous constituents being the flesh-formers, or 
substances building lip the muscles of the body, through which 
motive force is exerted. The exercise of a muscle being accom- 
panied by a proportionate destruction or oxidation of its tissue, it 
follows uat the plastic or flesh-forming constituents of food should 
bear a relation to the amount of muscular work performed. This 
theory, namely, that mechanical work, «. «., muscular exeiHon, is 
dependent on the destruction of muscular tissue, has been sup- 
ported by Ranke, Flayfair, Draper, and others ; and, as we have 
already stated, it has been generally taught up to the present 
time. Nevertheless, it has not escaped challenge. Immediately 
after its promulgation. Dr. J. R. Mayer wrote, ** A muscle is onljr 
an apparatus by means of which the transformation of force is 
effected, but it is not the matei'ial by the chemical change of which 
mechanical work is produced.** This assertion he supported by 
several cogent arguments. Other physiologists also expressed 
similar opinions. Messrs. Lawes and Gilbert advocated a like 
view, basmg their opinions on their own elaborate and carefully- 
executed experiments on the feeding of cattle. 

Some very important researches upon this subject have been 
recently published by Drs. Fick and Wislicenus, I^ofessors at the 
University of Zurich, and also by Dr. Frankland in London. An 
account of these experiments was given in a lecture delivered at 
tilie Royal Institution by the latter chemist during last session. 

It is probable that these investigations wiU very materially 
affect the present condition of physiological science, tending, as 
they do, to entirely change the ideas hitherto entertained respect- 
ing the relation of food to the requirements of the animal body. 

The question is to determine whether the muscle is merely the 
apparatus by which animal motion is produced, or whether it fur- 
nishes both the apparatus and the force to work it. In order to 
solve this problem by experiment, there are three things neces- 
sary to be determined. First, the amount of force or ener^ 
generated by the oxidation of a given amount of muscle in uie 
Eody ; secondly, the amount of mechanical force exercised bj the 
muscles of the body during a given time ; thirdly, the quantity of 
muscle oxidized in the body during the same time. 

It follows that if the amount of mechanical force exercised by 
the muscles be greater than the amount of the substance oxidized 
could furnish, the force of the muscles is not exclusively derived 
from their own substance. When muscle is consumed in the body, 
its nitrogen appears principally in the form of urea. Hence the 
amount of energy derived from the oxidation of muscle in the 
body will be expressed by the heat 6f combustion of the muscle 
itself, minus the heat of combustion of that amount of urea which 
' the muscle would famish when consumed in the body. This dif-^ 
IbreDiee of heat was determined by Frankland^ ^bkiE> vyosA^SoaX 
26 



290 ANNUAL OP scmnno discotert. 

convert one gramme of dry mnsole into nrea, as much heat «» | 
evdlved as would, when converted into mechanical force, be sof- \ 
ficicnt to raise a hundred weight to the heig^ht of one hundred ud 
thirty-two feet. 

The second of the required data, viz., the actual work performed 
in a given time by the muscles, was in^niously detenninedbr 
Fick and Wislicenus by the elevation of the body itself. Furtiu 
purpose th(;y ascended the Faulhom, a mountain of the Benese 
Alps, 6!)Cji) ft;(*t high, near the lake of Brienz, whose jiegular slops 
rttndcred it well lulapted for their experiment. The height of the 
mountain, multiplied by the weight of the body of each expeii- 
niunter, gaye the amount of external work performed, and to tins 
was added the estimated internal work of the circulation and m- 
piration. 

The third datum — the amount of muscle consumed — was gim 
as a maximum by the amount of nitrogen excreted by the kidneys. 
This amount buin^ determined by analysis, the amount of mna^ 
consumed is readily calculated, since every 15.6 parts of nitzog^ 
indicate 100 parts of muscle destroyed. The excreted nitrogn 
was determined in the experiments of Fick and Wislicenns willi 
every possible care ; and in order that there might be no soorn 
of loss, the amount excreted for six hours after the ascent wu 
taken into account. 

As a final result of their investigations, they found that the mu* 
clo consumed, even with the most liberal allowance for all pos^ 
ble cliancu of error, would not account for the work performed. 
Even under the most favorable interpretation, and neglecting all 
the inU^mal and external work that could not be accurately meas- 
ured, it wa8 found that the combustion of the muscles themselTei 
would not :u:count for a third of the work performed. 

The calorimc»trical determination of the actual energy evolved 
by the combustion of muscle and of urea in oxygen nave been 
made by Dr. Frankland, and the results show that the amount of 
muscle destroj'cd by the former gentlemen during their ascent 
would not account for oue-h;ilf of the force required to litlt them to 
the summit of the mountain. Taking the average of the two ex* 
porinicnts, and making several necessary allowances. Dr. Frank* 
laud calculates that scarely one-fitth of the actual energy reqaired 
for the work performed could be obtained from the amount of 
muscle consumed. 

Examining a number of previous experiments of a like Idnd, 
Dr. Fraukland finds them all confirmatory of the same thing. Tbos, 
he ^ives a summary of three sets of experiments made by Dr. £. 
Smith, by the Rev. Dr. Haughton, and by Playfair, in which ii 
each case the force expended is in excess of that derivable froffi 
the muscle oxidized. 

The following are the conclusions deduced by Dr. Frankland 
from his experiments : — 

•* 1. The muscle js a machine for the conversion of potential 
energy into mecYiumewWvweG. 

"2. The mecViame-AY lore.^ ol V>ciei Ta»s*?^«^\^ ^^^K^^^^'gj^fesSiBS^V 
lot entirely, from the oxieLB^^oTi o^ TSi»»fcT^ cttxvv»\Tv«^Nsi.siBfc^^ 
tod not frSm oxidaiioTv ot tK^ mxv^^x^^^wx.^'^v,^^. 
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** 8. In man, the chief materials used for the prodnotion of mns- 
onlar power are non-nitrogenous; bat nitrogenoas matters can 
also be employed for the same purpose, and hence the greatly in- 
creased evolution of nitrogen under the influence of a flesh diet, 
even witii no greater muscular exertion. 

**4. Like every other part of the body, tlie muscles are con- 
stantly being renewed ; but this renewal is not perceptibly more 
raj^id during great muscular activity than during comparative 
quiescence. 

" 6. After the supply of sufficient albumenized matters in the 
food of man to provide for necessary renewal of the tissues, the 
best materials for the production, both of internal and external 
work, are non-nitrogenous matters, such as oil, fat, sugar, starch, 
gum, etc. 

*' 6. The non-nitrogenous matters of food, which find their way 
into the blood, yield up all their potential energy as actual energy ; 
the nitrogenous matters, on the other hand, leave the body wim a 
portion mne-seventh) of their potential energy unexpended. 

'* 7. Tne transformation of potential ener^ into muscular power 
is necessarily accomplished by the production of heat within the 
bodv, even when the muscular power is exerted extemallv. TUs 
is, doubtless, the chief and probably the only source of animal 
heat." 

Dr. Lyon Playfaur, at the 1866 meeting of tlie British Associa- 
tion, gave the results of experiments which had been tried witli 
feeding rats and dogs for a considerable time on meat totally free 
from fat, showing that nitrogenous substances could be made into 
muscular force. With regard to the amount of nitrogenous 
matter naturally consumed in food, it appeared that in the fare 
of soldiers of all countries the amount was 4.2 oz. for each man. 
The ordinary amount of woiic t^at a soldier performed mi^t be 
estimated as raising 48,000 kilometres to the height of a metre. 
There had been much more done by the soldier, more especially 
dming the late Prussian war, and the forced marches of Sherman, 
in the discussion that followed. Dr. Edward Smith contended, 1. 
That there was no prima facie ground for the division of foods by 
Liebig into heat-formers and flesh-formers, since the latter con- 
tain carbon and hydrogen like the former, which must be available 
for the production of neat. 2. That his experiments, as well as 
those of Voit, had proved conclusively that the emission of nitrogen 
was no measure of muscular waste, since with the most severe ex- 
ertion the excretion of urea scarcely at all increased. 3. That the 
emission of carbonic acid is the true measure of muscular action, 
0ince he had proved in 1860 that the finger could not be kept in 
motion without increasing the emission of that product, and the 
emission increased as the exeition increased. He had in the same 
year called attention to this as the true measure of muscular action, 
and was the first to do so. 4. That whilst the experiments quoted 
by Prof. Frankland, to show that the consumption of car*' 
and hydrogen was the source of muscular po^^x — \Xi<^«A ^ 
and WMicenuB — were inconclu^ve, tkievft n?«a xcwks^ck. twm 
believe that the oonolaaioiiB were not iax '^rcou^. *^>&0 
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inconclusive, because the experimenters had taken the period d 
cmisHiun of un)a to represent that of its formation ; b^iaiise the 
omirisioii iH at all times dependent upon the excretion of water bj 
the kidnuys, and must in these experiments have been lessened 
durinji: exortion by the fact of much of the fluid passing eat bj 
the skin and so much less by the kidneys ; bi*cause no acconte 
basis of compaririun was obtained; and because the dandonof 
the whole iii<iuiry was too short. 

This view, thiU in the combustion of the carbon and hydrogen 
derivtfd fnun Uie food is the source of muscnlar power, sogg^ 
radical changes in Uie diet necessary for laboring persona. The 
function of nttro(^enous food being doubtless that of proridinf 
fresh muscular tissue to replace that constantly lost by waste anfl 
decay, it is estimated that this would be furnished by about foor 
ounces of drv albumen in the twenty-four hours ; and, this amonnt 
bein^ supphcd, the remainder of the food necessaiy to supply 
the body with its working fuel may be either of the 8taidiy<i 
fatty classes. Animal flesh is disadvantageous as woi^ing food, 
being incompletely burned in the body, with a consequent losi 
of energy, as the waste urea it produces is really a combnstible 
body ; fats, sugars, etc., are, on the contrary, completely consomed 
within the body. 

From a table given by Dr. Frankland, it appears that the diy 
farinaceous cereals possess, in a striking degree, advantages, as 
a source of muscular power, over the animal foods ; and bodi 
are very greatly surp:usscd by the fats and fatty substances, such 
as cocoa or cheese. This explains the remarkable strengthening 
power of (M)d-liver oil. Alj^ine and Arctic travellers well know 
the nourishing 2)ropei*tics of fat and sugar. The extensive use of 
oat-m('.al, as a cheap source of muscular power, is founded on 
true physiological principles ; and the high-priced animal foods, 
having comparatively small force-value, are very uneconomical 
articles of diet. But, as tlie labor of digestion is of itself a con- 
siderable source of internal work, it may happen that the ready 
digestibility of an article of food may more than compensate for 
its other>vise inferior value as a source of force. 

Those interested in this subject are referred to the Reports of 
the British Association for 1866, ''American Journal of Science" 
for November, 1866, "Franklin Journal" for November, 1856, 
and the "Intellectual Observer" for July, 1866. 

SUGAB PBEVENTTNG THE GENEBATION OF ANIMALS. 

Mr. Henry Tanner, Professor of Rural Economy in Qneen^s 

College, Birmiiigliam, saj's: ** I have every reason to believe that 

. the action of sugar, in its various forms, is most important in it3 

influence on the generative system ; and I think tliore is just cau?e 

A)r considering that any animal may by its use be rendered 

»mpetent for propagating its species. Since my attention has 

n drawn to this i'act, iiuixi^Toxia Vcva\a.wivi^\!ka.^^ ^^a^^s^^s^^*: m^ 

)rvation tending U) coulaYia. VJcAa o^voaoxv. ^-t^stsw ^saB^'^^^».\ 

B which I could mention, it. VVi\ ^roXittXAi \«. ^raSS^s^^so^^VvR.^ 
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to state that of a breeder of some eminenoe, who, with a view to 
an improyement in the condition of his herd, added molasses to 
the dry food he j^ave to his stock. It certainly produced the result 
he anticipated, for their appearance and general condition were 
most satisfactory ; but this was accompanied by an influence he 
liad never expected, for his stock, which had always realized high 
prices as breeding stock, now, with yery few exceptions, proved 
to be valueless for that object, male and female being alike 
sterile. As soon as this was discovered, the supply of molasses 
was stopped. But while the animals which had not been under 
its influence maintained the original character of the herd, as 
being good breeding stock, it is very doubtful if any of the stodc 
whicm nad been fed for any length of time upon food mixed with 
molasses ever regained their breeding powers. It is more than 
possible that a fatty degeneration of the ovaries took place, from 
which they would but slowly recover under any ordinary treat- 
ment. In another case, where molasses had been used for some 
lieifers which were fattening, it had the effect of suppressing those 
periodical returns of restlessness which prevent heifers feeding as 
well as steers ; and it kept them steadily progressing during the 
whole period of their fattening, and the result was highly satis- 
factory. If, therefore, upon f umier trial, we find sugar influential 
in checking the reproductive functions, we can, at any rate, exer- 
<»se a proper discretion in its use; and, while avoiding it for 
breeding animals, we may encourage its employment when cow* 
or heifers have to be fattened." 

DIGESTION OF ANIMAL FOOD. 

Beoent discoveries tend to prove that gastric juice does not 
gimply liquefy fibrin and casein, but that it acts also on albumen 
in such a way as to modify its molecular condition, and thereby 
its chemical properties. If the albumen of an egg be injected 
into the jugular vein, it passes unaltered to the blood, for it is 
found in the secretions of the kidneys. It follows that albu- 
men of the eg^ must undergo a molecular change to render it fit 
to become assimilated; ana we may assume, tnerefore, that it 
experiences the same change in the stomach under the infl^enoe 
of jt^e ferment, called pepsin. Until recently, scientific men 
had assumed that there must be an identity between albumen, 
fibrin, and casein, which are the chief elements representing 
animal food, still they have not been able to demonstrate their 
convertibility one into the other. Mr. Smee has accomplished 
this, and has reversed the theory previously entertained as to what 
takes place during digestion ; for he has established that fibrin, 
or the clot of blood ; casein, or the curd of milk ; -and albumen, 
the serum of blood, are convertible into one fluid, which he has 
called albuminose, or jpectose. Mr. Smee has succeeded, then, 
in reversing the problem, and has shown that albumen may be 
converted into fibrin, and probably caaem. To ^^^^^ *0£a& \si5yst« 
esdng change, be proceeds as fouo^a: 'Rft'^««afe^ ^^ ^\wx««x^ 
pare oxygen gsM througii a Bolntaou ol aXbuDifiXL ol \JV5;^^ ^^ ^"V^ 
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Hli;r1itly Acidulated with acetic acid, and at a temperatare of blood 
hi*:it, or of 98® to HH/* and after several hours, a mass of fibrin 
appt>:ir<. the prothiction of which is facilitated by brining into 
]ilay tjit> :u>tion of :iti f>li*ctric current. If, instead of an acid solo- 
tioi'i i>f :ill>inn<'ii, Mr. Sniee employed a weak alkaline solution of 
till' s:uni* substance, it became transformed into a peculiar sob- 
htuui'f, known under the name of chondrin. 
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TlIK UAriDITT OF ABSORPTION. BT I>B. H. BENCE JONES. 

It (HM^tirn'd to the author that it niiorht be possible to trace die 
):is.<:i<re of sul>st:inces from the blood into the textores of the bodr 
ly nii'ans of tlio speotnnn analysis ; and, with the assistance of Df. 
I)upi'6 S4»nie very remarkable results have been obtained. 

(luinea-piprs have chiefly been used for the experiments. Uso- 
ally, no litliium can be found in any part of their bodies. When 
half a pV'Mw of chloride of lithium was g^ven to a guinea-pig for 
tliree successive days, lithium appeared in every tissue of the body. 
Even in the nnn-vaseular textures, as the cartilages, the coxubIi 
the crystalline lens, lithium would be found. 

Two animals of the same size and age were taken; to one wii 
jriven thn»e p:niins of chloride of lithium, and it was killed ineigfat 
hiMir^; another had no lithium; it was also killed, and when the 
whole lens was burnt at once, no trace of lithium could be foani 
In the othiT. which had taken lithium, a piece of the lens, one- 
twentieth of a pin's head in size, showed the lithium; it had 
penetrated ti» the ei'Utre of the lens. 

A patiiMit wlu) was sntferin*^ from diseased heart took fifteen 
prains i>f eitrate of lithia thirty-six hours before her death, and 
the same quantity six hours before her death. The crvstalline 
lens, the hliMKl, and the cartilage of one joint were examined for 
lithium; in the cartila<;o it was found very distinctly; in the 
blood exceed! Mirlv faintly ; and when the outer lens was taken, 
the faintest po<^ihle indications of lithium were obtained. 

Another patient took ten CTains of carbonate of lithia five hoars 
and a half before death ; me lens showed very faint traces of 
lithium when half the substance was taken for one examination; 
the eaiiilaije showed lithium very distinctly. 

Dr. Jones expects to be be able to iind lithinm in the lens after 
openition for cataract, and in the umbilical cord after the biith of 
tlie fa*tus. 

ArrEARAXCES OF GOOD ASD BAI> MEAT. 

Dr Lctheby, in a report on the cattle plague, ^ves the following 
chrt meters of good and bad meat, which are especially interesting: 
•• GtH>d meat is neither of a pale pinkish color, nor of a defp 
purple tint. The former is indicative of disease, and the latter is 
a sign that the animal has died from natural causes. Good moat 
as also a nuvrbYed apipe^T^xvefe tcotsi xJcka 't^xs^.vficAtiQas of little 

ins of interceWuVar laf, oaA. ^^ itiX, ^^^fesasCCw^ ^\ ^^^fc^NsssesKL . 

pins, is hard and au^xy , «»vi^ *^ nwet -w*x\ ^\i«rw««.siB«i.Kk^5*. 
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diseased meat is soft and watenr, often like Jelly or sodden 
parchment. Again, the touch or feel of healthy meat is firm and 
elastic, and it hardly moistens the finders ; whereas that of dis- 
eased meat is soft and wet — in fact, it is often so wet that the 
serum runs from it, and then it is technically called wet. Grood 
meat has but little odor, and this is not disagreeable ; whereas 
diseased meat smells faint and cadaverous, and it often has the 
odor of medicine. This is best observed by cutting it and smell- 
ing the knife, or by pouring a little warm water upon it. Good 
meat will boar cooking without shrinking, and without losing 
very much in weight ; but bad meat shrivels up, and it often boils 
to pieces. All t£ese effects are due to the presence of a large 
proportion of serum in the meat, and to we relatively large 
amount of intercellular or gelatinous tissue ; for the fat and true 
muscular substance are to a greater or less extent deficient. If, 
therefore, 100 trains of the lean or muscular part of good meat 
are cut up and £ied at a temperature of boiling salt water (224® F.), 
they lose only from 69 to 74 grains of their weight ; but if diseased 
meat is thus treated, it loses from 75 to 80 per cent, of its weight. 
I find that the average loss of weight with sound and good beef is 
72.3 per cent., and of mutton 71.5 per cent., whereas the average 
loss of diseased beef is 76.1 per cent., and of diseased mutton 78.2 
per cent. Even if it be dried at a higher temperature, as at 266® F., 
when all the moisture is expelled, and wnen ^^d meat loses 
from 74 to 80 per cent, of its weight, the proportion of loss in bad 
meat is equally as great. Other characters, of a more refined 
nature, will also serve to distin^ish good from bad meat. The 
juice or serosity of sound flesh is slightly acid, and it contains an 
excess of potash salts, chiefly the ^osphate ; whereas diseased 
meat, from being infiltrated with the serum of blood, is often 
alkaline, and the salts of soda, especially chloride and phosphate, 

' abound in it. Lastly, when good meat is examined under the 
microscope, the fibre is clean and well defined, and free from 
infusorial creatures ; but that of diseased meat is sodden, as if it 
had been soaked in water, and the transverse markings are indis- 
tinct and far apart ; beside which, there are often minute organ- 
isms, like infusorial bodies. These are very perceptible in the 
flesh of animals affected witii the cattle plague, and Dr. Beal has 
described them as entozoa-Uke objects. They differ altogether 
from the parasites which constitute the trichina disease, and the 
measles of pork. How far the use of diseased meat affects the 
human constitution is unknown. In those cases where certain par- 
asite diseases exist in animals, there is no doubt of its injurious 
nature ; for the tape-worm, the trichina, and certain hydatid or 
encysted growths are unquestionably produced by it. Expnerience 
also points to the fact that carbuncle and common boils are in some 
degree referable to the use of the flesh of animals affected with 
pleuro-pneumonia ; and occasionallv we witness the most serious 
diarrhoea and prostration of the vital powers after eating diseased 
meat. It is, tiierefore, si^est to forbid its use ; bxA it i& «.t ^ 
times best to mard against the poaaiWitj o^ VxiyQcrj Xjtj \yKTOL\t 

meat well cooked. It should be ao oocikft^ \)dsX ^D^^«xy 
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of tlio joint nhould be exposed for flome time to the tempentnn 
of 21:2° Fahrenh<*it. The instructions of Liebi^ in this paiticohr 
an* luirdly safe ; for although a temperature below that of boflinc 
water may coagulate albumen and develop the flavors of oookM 
iiii'at, it may nut insure the destruction of dangerous panibeL 
It is therefore better to have the meat a little overcodud tbi 
othurwise.^-^Xomloii Journal of Pharmacy. 

BORSE-FLESH AS FOOD. 

• 

The experience of the last five years on the continent of Eunpe 
prrives conclusively that horse-flesh is a wholesome and deonble 
article of food. The taste for horse-flesh is increasing ia Puis. 
Th<>r(t are at present in the capital seven butcheries for the Bite 
of that commodity, and which dispose of about forty tfaoosiiid 
]>oundB weight per week. The annual consumptiom may there- 
fore be estimated at one thousand tons, or more than ten times I 
the quantity of meat distributed to the poor in the twenty bureau 
do bicnfaisancc. So, far horse-flesh has been exempt from the 
octroi duty, and sells at from five sous to one franc the kilogiam, 
of two pounds. 

Recently a mart for horse-flesh as human food was opened it 
Orleans. A similar establishment in Paris has now gone on for 
Bonio time past with increasing success ; and bj appl^'ing the same 
]>i'ecautionary measures which have succeeded in the metropolis, 
tii() use of horse-flesh may be expected to attain popularity as 
Jiuman food in Orleans equal to that which it is alleged to hold in 
tilt) great capital for culinary science. It is admitted on all hands 
tliat all tlic horses offered for slaughter as human food are not fit 
fr)r that purpose, and that the absence of stidct supervision in this 
matter on the part of the authorities might lead to dangerous 
<;()nK(^quencos. It appears that this is well understood both by 
tlie hipi>ophagists and the police of Paris. The meat, l>efore ap- 
])(Miring for sale, has been examined and marked as sound by 
v(it()rinary experts appointed for the performance of that dotj. 
I'ho Parisian public evidently place some faith in the security 
afforded by tliis system of certincation, for it is not the very poor 
only who buy the horse-flesh in Paris, but Tvell-to-do working 
})eo2)lc, and even latterly the middle classes. It is on the score oi 
<:hoapness that horse-flesh is offered to the Orleans public at forty 
centimes the kilogram. Beef, mutton, and veal are now sola 
luTc at an average price of one hundred and forty centimes the 
kn()gi*am. Omitting fractional parts, therefore, it may be stated 
that the price per English pound of horse-flesh is two pence ; and 
oi beef, mutton, and veal, seven pence. 

THE PHENOMENA OP DEGLUTITIOJr. 

^**^f. Krishaber, who has been experimenting with the auto- 
*if08cope with a view to discover tJba i3a.eth.od h^ which swal- 
f is effected, lias anVv^d bA. fe«^«t«X ^av^^^^xvesvo'Qss^^^afc-^sfiafe* 
Mnt of wMch may \i© taiJauVaXft^ «« \o\iKrN^\ — 
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1. In Ibe act of deglutition, the alimentary mass passes through 
one of the pharyngeal arches, over one of the sides of the epiglot- 
tis ; by t^is means it reaches the oesophagns at the yery moment 
when, by the contraction of the muscles, the pharynx is con- 
tracted. 

2. The deglutition of liquids is effected in a somewhat similar 
manner, these passing yery often oyer the epiglottis, in which 
they differ from solids. 

8. A yery smaJl quantity of the liquid passes oyer the edge of 
the epiglottis, and thus moistens the mucous membrane of the 
larynx and the cords of the yoice. 

4. In gargling the throat, the larynx being then much opened, 
a large quantity of liquid escapes into the yocal organ. 

5. One may easily bear a piece of food in the air-passages, that 
is to say in the larynx, near the yocal cords, and eyen in the inte- 
rior of the windpipe. 

6. The sensibility of the windpipe to tlie touch of foreign bodies 
is fjEir less than that of the larynx. 

7. Hard and cold bodies, such as a probang, are neyer tolerated 
by the respiratory passages, although soft bodies which adhere to 
tiie mucous membrane, and haye the same temperature as it, may 
remain in the trachea for seyeral minutes without producing any 
repulsiye effect. 

The contraction is automatic, and produced by reflex action. 
This, in turn, is due to the sensation caused by the contact of the 
forei^ substance with the membrane lining the regions of the 

glottis, but more especially under the epiglottis ; this membrane, 
lerefore, appears to play the part of a special sensory organ. 

EXEcunoir bt hangikg. 

Prof. Haughton communicates a paper to the ''Philosophical 
Magazine ^' ** On Hanging, Considered fiK)m a Mechanical and 
Physiological Point of View" : — 

*« In hanging, death is either caused by pressure on the jugular 
veins, by asphyxia, caused by stoppage of the windpipe, or by" 
shock of the medulla oblongata, caused by fracture of the yerte- 
bral column. In the latter case only is death instantaneous. 
According to the origihal form of death punishment in England, the' 
hanging was used as an anaesthetic, preparatory to the drawing 
and quartering of the criminal. The * short drop ' of three or four 
feet, as used m this country, is quite insufficient to cause instanta- 
neous death, and is, moreoyer, often productiye of some yerv 
painful ' scenes at the scaffold.^ Prof. Haughton has ascertained, 
from his own obseryations, that the shock of a ton dropped through 
one foot is just sufficient to fracture the anterior articulating sur- 
faces of the second yertebra at their contract with the atlas ; and 
_that this fracture sJlows the shock to fall upon the medulla ob- 
longata so as to produce instantaneous death. Thus, a criminal 
weighing 160 lbs. should be allowed a 14 fe^t dw^ ^^ ^Vk^=. 
2,240 lbs.). It is the practice in IreVand \o xx^^ «ii dtcj^cJl Tfi« 
tids^ lenguu Although death takea pVafi^ VnoxkStdSkaX^l ^^e^^ 
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critninal arriveB at the bottom of the drop* yet the second or n 
ivhirh hu takes to fall is, doubtless, one of extreme mental ad- 
giiish, to avoid which the author gives a rule for producing instaih 
tjiii(M>u8 death bv the American method. This consists in suddenly 
lii\in^ the crimipal into the air by means of a great weiglit at- 
tached to the other end of the rope fastened round his neck; the 
roiN) passes over a pulley placed yertically over the patient, ud 
at a ^iven sie^nal the weight falls through a regulated height, 
lilting him suddenly into the air. By properly proportioning the 
weight and tlie distance through wmcn it is allowed to faU,th« 
' chuck ^ produces instant death/^ 

CONBANOUmEOUS KARRTAGES. 

M. Rambosson communicated to the French Academy, in 1866, 
a paper on this subject : — 

There are two very different opinions on this subject. One 
set of observations goes to show that the offspring of sudi mu- i 
riages are, by that fact alone, condemned to an almost inevitable I 
degeneracy, and that the union of individuals of the same blood 
may lead to the extinction of families. According to another 
set, such marriages entail no deterioration at all on the offspring; 
on Uie contrary, they preserve and ameliorate races. Hence 
some have deduced the £act that consangiunity in itself is 
fectly innocuous, and can only help 'to perpetuate heredity. 
posing tlie two parents to be perfectly soand, their union 
tiavc no more tendency to produce disease in the offspring than if 
tlioy were perfect strangers in blood to each other. Others asain 
ns.s(*it tliat in man, as in other animals, the intermarriage of blood 
relations increases the heredity both of good and bad qualities to 
tlie liighost point possible ; so that if any weakness exists in a 
family, tlie intermarriage of its members will multiply that weak- 
ness m an alarming degree. A third party observe that particolar 
t«;ndtjncies, when once developed, by diet, or by any other cause, 
in individuals, may be multiplied and perpetuated in a family, and 
then in a race by consanguineous mamages. So that a tendency 
in individuals becomes thus a realized fact in their offspring. 
Tlie author proceeded to call attention to some facts wmch he 
tliougbt liad oeen lost sight of by these partisans. Man, he ob- 
served, was infested with more maladies than all other animals 
put together ; so that even the very healthiest carry along with 
tliem always the seeds of some disease, or the tendency to some 
affection. When a man has recovered from any malady, he is 
likely to transmit it to his posterity. Now a malady is often the 
consequence of tliose daily conditions which give individuals who 
live together a sort of family air ; so that it would be very diflS- 
cult to find the members of any one family, or even very near 
relations, who are not liable to have tendencies to common dis- 
■ders. Those, therefore, who have argued in favor of consan- 
'oeous alliances from the example of animals, have omitted 
^itant elements m lYi© caXcvA^Wcixv. '^Yvek ycv^xjbs^ ^:K 'vs&isss^^ ^ 
^ 4 surer guide in msAtoica ol ^^V* «»^ xaax^s^ x^%^^ \sSifis«j^ \^ 
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tbxa tbe taste or caprice of man. We mnst, therefore, be very 
carefiil in applying to man the principles oi asootechny. — Reader. 

COLOB OF UAK. 

Dr. John Davy read a paper on this subject, before Hhe British 
Association, in 1866. 

After enumerating the varieties of color of the human races^ 
and their connection with latitude and climate, he considered tKe 
probable causes to which the diflference of color may be referred. 
Of these he placed first, exposure to the sun^s rays ; it being an 
established fact, expressed in ordinary term by *' sun-bum, ^^ that 
the sun^s rays acting on the skin have a darkening effect ; next, 
warmth of climate and an average high temperature throughout 
the year, under the influence of which there appears to be a ten- 
dency to accumulation of carbon in the system^s indicated by 
the httle difference of color of the arterial and venous blood under 
exposure to* a high temperature. An explanation of certain ex- 
ceptional instances was next offered ; as of the darker hue of the 
Esquimaux, to exposure to the sun^s rays during that portion of 
tiie year that the sun in the Arctic regions is constantly above the 
horizon ; and during the other portion, their winter, to their living 
shut up in a close impure air, and to their food being chiefly of a 
kind abounding in carbon and hydrogen ; or, taking an opposite 
instance, as that of mountaineers, who, though much exposed to 
the sun, are commonly fairer than the latitude they inhabit would 
seem to warrant, to their blood being better aerated fh)m the 
purer air inhaled and the active exercise they take, producing an 
accelerated action of the heart, and a more rapid flow and circu- 
lation of the blood. Further, he adverted to hereditariness on 
atavism, as deserving of attention in considering the color of 
races, and more especially its importance as to the great question 
of unity or difference of races a5 origine; for, if climate should 
be found to have greater effect than olood in modifying color, 
unity might be inferred, and vice versa. In conclusion, he dwelt 
on the connection of good color and a fine complexion with 
health, to which nothing can contribute more than pure air, and 
exercise in the open air. 

PHENOMENA OF FREEZING IN ANDfALS. 

The following are tiie results of a long series of experiments by 
M. Pouchet, in reducing the bodies of animals to the temperature 
ftt which freezing takes place. 1. The first phenomenon produced 
by cold is a contraction of the capillaries to the degree that a blood 
globule cannot enter. 2. THe blood globules are completely dis- 
organized. 8. Eveiy completely frozen animal is entirely dead, 
and cannot be reanimated. 4. When only a part is frozen, it is 
destroyed b^ gangrene. 5. K the part frozen be not extensive, 
and only a rew disorganized blood globules '^«i&% \sLV^^3cL^ ^sv^tvssSSs^r 
tioB, the animal may recover. 6. fl, bo^evct, iSafe '^vs^^xoii'e^^w^ 
of aoaaidenU}le 0jUaitfihib bmum of akteT«dL |^<JbQ^»b ^Qfis^^^^^ >is&f^ 



800 AWNDAL OF 8CIE1ITIFIC DI8COTEST. 

the circulation, when the part is thawed, aoon kills tiie tidaBl 
7. A half-frozen animal, therefore, may live a long time if kept ii 
that HbiU*, as the altered globules do not get into the circolation 
but it (iiiickly <li<*» when the frozen part is thawed. 8. In all case 
of death from fniezing, the fatal result is due to the alteration o 
the blood globules, and not to any effect on the nenrous systea 
9. The lu^H rapidly, therefore, a frozen part is thawed, the ma 
slowly Uie altered globules enter the circulation, and the greab 
are the chances of the animaPs recovery. 

PERIOD OF 6BOWTH IN MAK. 

Prof. B. A. Gould, from statistics derived from the register 
two and a half millions of men in the United States Amy, li 
brought out the remarkable fact that men attain their maximi 
stature much later than is generally supposed. This takes pb 
comnionlv at 29 or SO years of age ; but there are freqaent 
stances of growth until So, not very noticeable, — a yearly gain 
a tenth of an inch perhaps, still a growth. After 35 the stab 
subsides in similar proportions, partly perhaps from the condi 
sation of the cartilages, partly because of the chan^ in the aoj 
of tlio hip-bone. The age for maximum stature comes earliest to t 
tallest men, as if it were the necessity of unusaal development. ¥ 
eigners were shorter than men of native birth. The heights 
men seemed to depend on the place of enlistment. A Massad 
setts man enlisting in Iowa was an inch taller than if he had st 
at home. 

As wo go west, men grow taller. One man measured m 
than 6 fc(^t 10 inches. Out of one million, there were five hund 
thousand who measured more tlian 6 feet 4 inches ; but men of si 
stature do not wear well. In Maine, men reached their greal 
height at 27, in New Hampshire at 35, in Massachusetts at 29, 
New Jersey at 31. The tallest men, of p9 inches, come ft 
Iowa. Mame, Vermont, Ohio, Indiana, Minnesota, and Misso' 
^ive us men a little over 68 ; and the average of all shows 
Americans to be ** a very tall people." 

THERAPEUTICAL ACTION OF MINERAX WATERS. 

Though the remedial property of mineral waters be establish 

their modus operandi is as yet hardly ascertained, and is at pres 

the subject of a very animated controversy in the French Ac 

emy, between M. Scoutetten and certain other savants. M. Sc 

tetten details a number of experiments and conclusions, fi 

which we extract the following : 1. When platinum-electrodes 

placed in ordinary water, contained in vessels of glass or poi 

Iain, no trace of dynamic electricity is apparent. 2. When 

same expeiiment is tried with mineral water, the deviation of 

»edle is considerable. 3. When the same mineral water is 

'ined at various periods subsequent to the date at which it ^ 

twn from its source, and at different temperatures, it is foi 

4; the higher the temperature is the greater is the electric m] 
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III testation, a result which is due to. the greater amount of chemical 
;j.^ change which takes place during high degrees of temperature. 
2^ From the conclusions, it will be observed uiat M. Scoutetteii be- 
*" Ueves rather in an electric than a chemico-physiolo^cal action of 
these waters. In some minor experiments he discovered that 
even the partial immersion of the body in a mineral bath produces 
•n amount of electrical excitation, which occasionallj extends so 
far as to produce feverish symptoms. 

EFFECTS OF TOBACCO ON HEALTH. 

M. Jolly has presented a paper to the French Academy of Med- 
icine, in which he takes the opposite ground from that of Dr. B. 
W.- Richardson (see "Annual of Scientific Discovery " for 1865, 
page 229) . Starting from the fact that there has been of late years 
an enormous increase of smoking in France, and stating that six- 
teen pounds of tobacco, equivalent to fifty or sixty grammes of 
nicotine, are annually consumed by each smoker, he says that 
** statistics show that in exact relation with this increased consump- 
tion of tobacco is the increase of diseases of the nervous centres 
(insanity, general paralysis, paraplegia, ramoUissement) and cer- 
tain cancerous affections. Now, although Orientals, Turks, Greeks, 
Brazilians, and Hungarians, smoke to an excessive extent, they 
do so with almost impunity, from the fact that the indigenous to- 
bacco which they use contains very slight proportions of nicotine, 
and sometimes none at aU ; while other nations, such as the Eng- 
lish, the Swiss, French, Americans, etc., suffer much more severely. 
Up to the present time, no case of general or pro^essive paraly- 
sis has been discovered in any of the numerous, localities of the 
£ast, where tobacco of so eminently mild a character, or some 
Buccedaneum, is employed. M. Moreau, in a careful investiga- 
tion which he has made m the hospitals of Constantinople, Smyrna, 
Malta, and all the Mediterranean islands, has not been able to de- 
tect a single case of this kind. ' The cause,' he remarks, * is plain 
enough, and eminently physiological. In all the re^ons of the Le- 
vant they do not intoxicate themselves with nicotine or alcohol, 
or the ambition of fortune or glory, but saturate themselves with 
opium and perfumes, sleeping away their time in torpor, indolence, 
and sensuauty. They narcotize, but do not nicotinize themselves ; 
and if opium, as has been said, is the poison of the intellect of the 
East, tobacco may one day prove in the West the poison of life 
itself.'" 

M. Melsens has found, upon the average, a proportion of seven- 
tenths per cent, of nicotine held in suspension by tobacco smoke. 
The mischievousness of such an atmosphere is dwelt upon by M. 
Jolly, who also holds that general or progressive paralysis — a 
disease scarcely met with thirty years ago — is makmg rapid ad- 
Tance under the increased abuse of alcohol and tobacco. Insanity 
and affections of the nervous centres have enormously increased 
in France, and this increase is found to be, in men, almost entirely 
made up of cases of progressive paralysis (now forming more tha 
sixty per cent, of t^e total cases) ; and whenever, in we a lyloia 

26 
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thn history of nnch cases has been inreBtinted, thehr dependenfe 
on lliu abiiso of tobacco has been rendered obvious. In contrast 
witii this lA the rarity with which this form of the disease is met with 
in fVnialt; lunatics. Among these paralytic lunatics, soldiers and 
Hsiilors, who so much abuse tobacco, are found occupying the first 
milk. M. Jolly ^s investigations have led him to the conduaoa 
tli:it this abuse of tobacco is far more operative in the indactioBof 
tliis jjaralysis than alcohol or absinthe. 

CAUSE OF INTERMITrEirr AND REMITTENT FEVER. 

Prf>f. J. IT. Salisbury communicates to the " American Jonnul 
of M<Mlical Sciences^ an elaborate article, giving* an account of 
nuuK'nius observations and investigations re^iirding the origin 
and cause of intermittent fever. Dr. Salisbury found, on micro- 
8oo])i(!al examination of the salivary secretion and ezpectoratioQ 
of those laboring under intermittent fever, and who resided upon 
ague levels, and were exposed to the evening, night, and monune 
exhalations and vapors arising from sta^ant pools, swamps, ana 
humid low gn)unds, that there occurred m these secretions a great 
vari({tv of zoosporoid cells, animalcular bodies, diatoms, desmidis, 
algoi(f cells and fihiments, and fungoid spores. Constantly and 
uniformly found in all cases, and usually in great abundance, were 
minute oblong cells, citlier single or agm*e^ated, consisting of a 
distinct nucleus, surrounded by a smooth cell- wall, with a mghly 
clear, apparently empty space between the outside cell-wall and 



the nucleus. They were not fungoid, but cells of an algoid type, 
resembling strongly those of the palmellso. In persons resi^ng 
above the summit plane of ague, these bodies were invariably absent 
By a series of carefully conducted experiments and observations 
the following facts were ascertained : — 

1. That cryptogamic spores and other minute bodies are mainly 
elevated above the surface during the night. That they rise anS 
are suspended in the cold, damp exhalations from the soil, after 
the sun has set, and fall again to the earth soon after the sun rises. 

2. That in tlie latitude of Ohio, these bodies seldom rise above 
from thirty-five to sixty feet above the low levels. In the nortb- 
<n*n and central portions of the State, they rise from thirty-five to 
forty-five feet ; in the southern, from forty to sixty feet. 

3. That at Nashville and Memphis they rise from sixty to one 
hundred feet and more above the surface. 

4. That above the summit-plane of the cool night exhalations, 
these bodies do not rise, and mtermittents do not extend. 

5. That the day air of malarial districts is quite free from these 
palmelloid spores, and from causes that produce intermittents. 

PalmellaB belong to the lowest known vegetable organisms. 
The several forms of this type, which are constantly attendant on 
Intermittent malarial disease, have received the generic name 
gemiasma (earth miasm), of which Dr. Salisbury enumerates six 
Bpecies. 

In another series o^ eitt^xv^^i^ o\i^eT>i^^Qraa,>i5cvfeXc«a5^ ^e?&»d^^vfs» ^ 
Juced in the mouth and a\x-v«*«w^^* \5>i Vs^Qa>£«^^ >Oaft«fc ^f3^>«^ 
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minutely described. They cause a diy, feverish, eonstrioted feel- 
ing in the month, fauces, and throat, increasing until the fauces 
become parched and feyerish, normal mucous dischar^s become 
checked, and the feeling soon extends to the bronchial and pul« 
monary surfaces, which also become dry, feyerish, and constricted, 
with a heavy, congested sensation and dull pain* These peculiar 
symptoms generafly last several hours alter leaving the bog. 

The author has made experiments relative to the production of 
intermittent fever in localities entirely free from malarial influ- 
ence, by carrying boxes filled with surface earth from a malarious 
drying prairie bog, covered with the palmellso, to these localities, 
and exposing persons to tiieir emanations. Attacks of intermit- 
tent were the result. 

The investigations of Dr. Salisbury must be considered highly 
important, as they seem to establish positively tiie fona et arigo 
of malarious fever. 

Dr. E. Holden of Newark, N. J., late of the U. S. N., commu- 
nicates a paper to the same journal, entitied, '* An Inquiry into 
the Causes of Certain Diseases on Ships of War,** in which he ex- 
presses his opinion that fever of an intermittent type is produced 
by the ^wtii of mould on board ship, under the action of hydro- 
sulphunc acid of the bilge. 

ANESTHETIC AGENTS. 

New and Beady Mode of Producing Ancesthesia, '^'Dr. B. W. 
Richardson has been for some years engaged in researches for the 
production of local ansssthesia. Snow maintained that all narcotics 
produce ansBSthesia by the process of arresting oxidation. Dr. 
Bichardson has come to the conclusion that arrest of oxidation 
means arrest of motion, and that ansesthesia, in truth, means the 
temporary death of a part, t. e., inertia in flie molecules of the 
part. This led him to the conclusion that Dr. Amott^s pla,n of 
using extreme cold was the first true step in the progress of discov- 
ery ; and that if it could be made easier of apphcation, and at the 
same time could be combined with, the use of a narcotic fluid, an 
important advance in therapeutics would necessarily follow. 

^y a simple apparatus, which divides an ether jet into a very 
fine spray, he can produce local ansdsthesia at any time, with a 
cold six degrees below zero. He can distribute tMs spray into 
any of the cavities of the body. 

when the ether spray thus produced is directed upon the outer 
skin, the skin is rendered insensible within a minute; but the 
effects do not end here. So soon as the skin is divided, the ether 
begins to exert on the nervous filaments the double action of cold 
and of etherization ; so that the narcotism can be extended deeply 
to any desired extent. Pure rectified ether used in this manner is 
entirely negative ; it causes no irritation, and may be applied to 
a deep wound, without any danger. Its chief application is in 
tiie production of superficial local an8dstiie«\a\ «Xi4\\.S&^.&ss&p»'^^ 
adapted for a large class of nunor opQTat\OTi'&^ iox ^\^^ ^ 
Ibrm baa beea generally used. The etih.^ xqsqa^ ^^ \i^3Sft * 
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Ilhiffotenf.. — Prof. II J. Bijjelow, in a communicatioii in the I 
•* host on MiMHoal nnd Surc^ical Journal," 1866, speaks of this \ 
ntrvwi t\n fnWnwiM **Tlie above name is proposed as coDTeniest 
t«7«1<*si(rn:it(! :i iM'trolcum naphtha, Ixiilin^ at 70^ Fahr., one of the 
most volatile Ii({iii(ls obtained by the distillation of petroleam, and 
which h:l^4 bern appliinl to the pn)duetion of cold by evaporation 
It is a hvdnM'arbon, wholly destitute of oxygen, and is the light- 
est of all known liquids, having a specific g^ivity of 0.625. It 
has iHM'n shown that p(*trolcuin, vaporizea and carefully coo- 
don s<mI at dilVoHMit ti^niperatures, offers a regular series of pro- 
diirts, which present more material differences than that of Uieir 
de<::reo of volatility; and that the present product is probably a 
combination of some of the known products of petroleum, widi 
those volatile and gaseous ones not yet fully examined, and to 
whieh this fluid owes its great volatility. When it was learned 
here that Mr. Richardson of^ London had produced a useful an«5- 
thesia, by freezing through the agency of ether vapor, reducing 
the temperature to 6° below zero, Fahr., it occurred to me thati 
very volatile product of petroleum might be more sure to con- 
geal the tissues, besides being far less expensive than ether. Mr. 
Slerrill having, at my request, manufactured a liquid of which 
the*, boiling point was 70° Fahr., it proved that the mercury was 
c'asily depressed by this agent to 19° below zero, and that the 
skin couhl be with certainty frozen hard in five or ten seconds. 
A lowi'r temperature might doubtless bo produced, were it not 
for the ice which surrounds the bulb of the thermometer. This 
result ni:iy be approximately effected by the common and familiar 
• spniy-jM'odueer,' the concentric tul>e3 of Mr. Richardson not 
})eing' ai)solutely necessary to congeal the tissues with the rhigo- 
lene, as in his experiments witli common ether. Freezing by 
rhigolent^ is far more sure than by ether, as suggested by Mr. 
llielKinlson, inasmuch as common ether, boiling only at about 96® 
instead of 70°, often fails to i)roducc an adequate degree of cold. 
Tluj rhig(dene is more convenient, and more easily controlled 
than the freez!n«^ mixtures hitherto emploved. Being quick in its 
action, inexpensive, and compamtivcly odorless, it will supersede 
general or local anajsthesia by ether or chloroform for small oper- 
ations, and in private houses." Both the liquid and the vapor of 
rhigolent^ are highly inflammable. 

New AtKcsthetics. — Two new substances, which bid fair to rival 

even chloroform, have lately been introduced as anfcsthetics, by 

an English physician. At the meeting of the British ]\Iedieal 

Association, Dr. Nunneley exhibited some bromide of ethyl, and 

chloritle of ela}'! (olefiantgas), both of which for some time past 

he had used :is anajsthetics. lie stated that he had not hituly 

perfonned any 8(irious operation, either in private practice or at 

' ^- Leeds General Infirmary, without the patient being made in- 

siblo bj' one or the othtT of these agents, each of which he 

eved to possess important advantages over chloroform. Thov 

« among the many anaXowv^w^V^vXvvi^i ^^\>^"^vvcvvv>^^J^>s^,5Sf^v^^^^xI, 
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ration were too great to allow of their being commonly employed. 
This difficulty, however, has been overcome ; and, should their 
use become general, they can be made at a cost not exceeding 
that of chloroform. They both act speedily, pleasantly, and welL 
The patient may be kept insensible for any length of time; while 
the most serious and painful operations were being conducted. 
No disagreeable symptoms had in any case resulted from their use. 

Chmogene. — In experimenting with the highly volatile and gas- 
eous products of distillatipn. Dr. P. H. Vanderweyde succeeded 
in producing a liquid boiling at any desired degree of tempera- 
ture, say at 60^, 50°, 40°, or even at 80° Fahr., causing by its eva- 
poration the most intense cold. He proposes, therefore, to call it 
■Chimogene ([cold ^enerator^. 

The desired degree or its boiling point depends only on a 
alight modification in its preparation ; m fact, it may be made so 
YO&tile', that it requires very strong bottles and careful stopper- 
ing to hold it, as by lifting the stopper it foams lii&e champagne, 
boiling at the common temperature. Pouring it from the bottle in 
'drops or in a small stream, it will be evaporjited before reaching 
the floor. 

PHYSIOLOGICAL SUMMARY. 

On the Frodudian of Sexes. — M. Coste has been led to doubt 
the truth of the hypothesis, propounded by M. Thury, which sup- 
poses that every egg passes, during the period of its maturation, 
through two successive, but continuous, phases, during each of 
which it has a different sexual character. I£ fecundated in the 
first half, it would be a female ; if in the latter, a male. From 
experiments on fowls, the author shows that the sexes are pro- 
duced indifferently from eggs taken at the beginning, middle, or 
end of the laying. With regard to rabbits, M. Coste finds the 
same irregular result; in fact, altogether a larger number of 
males were bom at the commencement pf maturation. M. 
Thury^s law is, therefore, not applicable to such mammals or to 
birds. The author is continuing his experiments to determine 
whether it holds good even in uie bovine mammals, which M. 
Thury made the subject of his investigation. 

Cause of the Redness in Inflammatum. — Drs. Estor and St. Pierre 
(Memoires de la SocUU de Biologies 1865) have made investiga- 
tions on the pneumatology of the blood coursing though inflamed 
parts, as the foot of a do^ seared with the actual artery. They 
eatimated the amount of oxygon present by treating the blood 
with carbonic oxide, as recommended by Bernard, and obtained 
the following results : — 

Ewperiment. Inflamed Side, Sound Side, 

Amount of 0. in 100 puts Amount of 0. in 100 parte 
of (venous) blood. of (renous) blood. 

1« 6.01 2.4L 

% 6.04 2.40. 

S 4.14 • • V^^* 

^ S.QO, .••*•%•• >:^' 

^' • 4.ao 

26* 
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Ti- T ^"-c •*. : i- :r ••n th^'S** and other experiments : — I an 

:. r* »" ".".- v-r. i* :.I."»«i rttaminsr from an inflamed part con- frc 
IV. - V. *- \;«-r. :n.»n ine oiojU of the d«>und side, lhepp^po^ 

. . ..:'.- •S'-z *'is ol>.**jd of the inflamed side contmsmore is 

.AT . 1. . : : ^r. i ha 

o A :. iC .: .- :• :"-■? "^x ;«*^ of oxys^n in the venoos blood, rendfl> ac 

.-.• -. : .-..-liicT :;l:. th^t the incivast^d redness of aainflamt^ m 

'. j, "."'..■ ' in 

. -;-"-..f "..iLniiW. — Tne experiments of M. Bert are of the th 

:.._•. - -: .::>r-='-:. ^* rh-ey *fa.-»w that the tissues of one animal may ct 

r. : ■• ;• "T r:.zr\:Z'-^i on those of another, but that alVr a tiini ai 

:.- . -••-•-.:..--: "xitn 11 v.d-vess«r Is, etc. The following ease, it 

•a . ! :. r.A.* ; irt >-»z pu''U?hed, is very instmctire : The tail of a tl 

:*-.. jT «r. n: wa5 r'-n: -ved from the body, and then inclosed ia « 
A j.i.-^* ! .>•. xTs i si.ur.:aiiaed for seventv-two hoars at a tempewr 

:^; :' : r z: — 7= :» — r^^ centigrade. It was at^erwards deprired d 

■•: :• r.: r.* • : ::.* ?*;::. and iatr»:'dueed into the sabcutaneous cello- tl 

ji.r :.«-:•• .: ar. ■::irr aial: rat. Three months afterwards the 8 

s- :. i iz.iz:-l -ar x* killv i. and C'^loring matter uras injected into n 

::• i r:a. T:.:? o". r*i.^ ?ul»-tanee absolutely penetrated the ma^ \. 

T ^ : :i." KT.jrrxzz^d y\r:'-hrx. thus showinor that the tail had f 

r-:--r. f-p: l-r»i wiia vessels eommunicaiing with those of its host's i 

r -v.;^. — I-::r.-- :« r»*.n:'«t entirely wanting* in youngr sea-weed* 
ir. i :: ...» r ... .1 : ::^ n::i.\::i;um quantity whca- the plant is thrown 
0- ::: ::.::. F- n:: -r.-.' i i: iuors and wines contain io«line. bat 
n:...< :« r.. .-• r ir. ::-.-.: •; '.•■::iiioe than wine. The proportion of 
: :...• ::. :....a :* :r. :1: ■ :r.vr.r.*e ratio of the quantity yielded. Ezp 
r*".* :.:.»:.. : ;::;-.- : i :' •■» l"s ».irj: weighing 6«.' grains contains more 
:•.-:.:■.• :..a:: * -j.iir: ■•:' oow's milk. 

' ■• :.' rf :■. : />-'■?<%•. — A letier of M. Bechamp to M. Domas 
n:- :.:. :.s :".:;»: crv^i-:*/ api-.arsto be the agent which most strong- 
ly ■ : : .«•> :he d..-vv'.. in.- nt of or^nic ferments, but adds that it 
li'-v^ :; •: ::::«-rftre wi:{i the life ol ferments or animalcules when 
ihv} ;*>• •:: -o dev»?l'"*pvd. 

Lr :r. •;,; /* :'.^ Z/> I't. — In ascending into the air, the heart-heats 
iaoiv.i*-V. :*. r :he rirst S.'^m.' feet. T for the next l,oOO feet, 8 for 
the nc.\: ;j^»». and 5 for each 15«X» feet of ascent after that 
Thi.< is an average increase of one beat for each 100 yards of 
ascent. 

^'ijrri S^^i in AT'in. — Dr. Hughes Bennett, in a paper before J 
the British Association (ISOo). announced that the tendency of r 
modern physiology was to ascribe to man a sixth sense. If there I 
be placed before a man two small cubes, the one of lead and the P 
other of wood, lH)th gilded so as to look exactly alike, and both » 
«f the same temperature, not one of the five senses could tell the 
'hioh is lead and which is wood. He could tell this only bv 

hem ; and this sense of weight was Ukely to be recogmze^ 

th sense. 

tn the Blood, — M. Pelouze finds that the blood of buids 9 

■f per 10,000 parts by weight, from 3 to 4 parts of iron; t 
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and that the blood of man, and the mammalia generally, contains 
Erom 5 to 6 parts of iron per 10,000 parts of blood. 

Copper in the Animal Body, — Dr. G. L. Ulex, of Hamburg, has 
publisned the result of extensive researches, showing that copper 
18 one of the most widely disseminated substances in nature. It 
liad been lons^ known that copper existed in the blood of mollusks 
and others of the lower animals ; but Dr. Ulex found it in mam- 
xnalia, birds, batrachians, reptiles, fishes, and articulates also; 
in man, the horse, the ox, the lynx, the common fowl, the teal, 
the tortoise, the lizard, the adder, the frog, the eel, the haddock, 
etc. He concludes that it is found in the bodies of all animals, 
and says : *' As animals live, directly and indirectly, upon plants, 
it follows that it must occur in all plants ; and as plants derive 
their mineral constituents either from the soil or from sea-water» 
copper must be generally diffused through both these media.** 

Mortality of Paris, — As far as can be judged from historical 
documents, the annual mortality in Fans at the commencement of 
the last century was 1 in 28 ; 50 vears later, 1 in 80 ; in 1836, 1 in 
86 ; in 1846, 1 in 87 ; in 1851, 1 in 38 ; in 1856, 1 in 39. These 
numbers apply to old Paris. In 1860, the time of annexation, the 
population- was increased by the addition of an area less favorable 
for the health than the interior of Paris. Still, the proportion of 
death&in 1861, with 1,696,141 inhabitants, was 1 m 39 ; in 1862 
and 1863, it was 1 in 40. 

This improvement in the public health may be attributed to the 
^reat works carried forward in the capital, — that is, the opening 
of avenues, improved supply of water and drainage, the super- 
vision over crowded and unwholesome tenement houses, and the 
organization of hospitals ; also to the general prosperity of tiie work- 
ing classes, who take better care of themselves, dress more warm- 
ly, and eat more wholesome and abundant food. 

The Sphygmograph. — This is an instrument invented by Dr. E. 
J. Marey, a Paris physician, for producing a self-written record 
of the swellings and- contractions of the arteries, known as the 
pulse. The main features of the Instrument are the following : 
A principal beam, of light construction, is fastened on the arm by 
carefully-padded straps ; to this is attached a lever of nearly the 
length of the fore-arm ; the shorter arm of this lever rests gently 
but firmly on the pulse ; at each rise of the artery and subsequent 
fall, the motion is exactly imparted to the lever, and the end of the 
longer arm performs the same movements as does the shorter, but 
on a much larger scale. To the end of the longer arm is attached 
a fine-pointed pencil, in contact with which a smooth strip of 
TOper IS made to move by clockwork in a horizontal direction. 
l?he effect of this arrangement is that a straight line would be 
drawn on the piece of paper were it not for the rhythmic perpen- 
dicular movement caused by the pulse, which results in the pro- 
duction of an undulated line, the waves in which represent the 
separate expansions of the artery. It is evident that since tl 
movement of the paper is invariably uniform, the variations in 
poise will be distinctly indicated by the height, length, and fi 
of tiie waves ; and accordingly we have a most aooarata 
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yaliiablo moann of comparing the pulse in Tarions individa&b and 
under various cinmmstiinces. Some interesting results have been 
obtiiined by studying the pulse of diseased persons, and tiie in- 
struniunt has been found to exhibit phenomena in the poise which 
it Wits quite impossible to detect by the fingers. The *' sphygmo- 7 
ffram '^ of a jxirson afflicted with a certain disease of the heart, : 
lor example, is found to exhibit a series of undulations, the asoend- j 
ing line of which is very lon^ and tremulous, and but slightly I 
oblique, while the descending is abrupt and nearly peipendicoUr. 
Fnnn tliis description it will be seen that this promises to be a 
Taluabie assistance to medical men in reducing their obserrotioDS 
to somctliing like exactness. — - Quart. Joum. ofScience^ JtdM, 1866. 

Mifograph, — M. Marey has invented an instrument, on the plaa 
of his sphvgmograph, which he calles a myograph, and wuch 
makes a drawing to indicate the movements of muscular fibitt 
in tlieir contractions. A muscular shock imparts a wave motkn 
to the fibres ; if a shock is prolonged till the muscle is fatigued, 
the waves lose their amphtude, and finally become extinct A 
slow succession of shocks is marked by long ascending lines, and 
short descending ones ; a quick succession leads to equality in the 
ascending and descending lines ; and when the shocks are too 
quick for healthy action, — more than thirty-two per second,— 
a tetanic condition supervenes, and a straight line replaces ths 
waved line. 

Stomaioacope. — This is an instrument invented by Prof. Burns, 
of Broslau. A platinum spiral wire (inclosed in a box-wood cup, 
to prevent the transmission of heat), brought to a red heat by the 
passage of an electric current from two of Middeldorps^ ele- 
ments, is placed in the mouth behind the teeth. The light re- 
flected by a very small mirror is sufficiently intense to render the 
jaw transparent, so as to allow of the vessels proceeding to the 
roots of the teeth, the smallest specks of caries, etc., becombg 
visible. By reason of the transparency, even the labial coronary 
artery may, in some subjects, be seen at the level of the commit 
sure, and its course followed. The instrument is therefore likdf 
to form a useful means of exploration in dental aflfections. I 

Iridoscope, — A new instrument produced by M. Houdin, by the 
aid of which an individual is able to see all that is going on in 
his own eye. It is simply an opaque shell to cover the eye, 
pierced in the centre with a very small hole. On looking through 
steadfastly at the sky, or at any diffused light, the observer may 
watch the tears streaming over the globe, and note the dilatation I 
and contraction of the iris, and even see the aqueous humor ' 
poured in when the eye is fatigued by a long observation. It is | 
needless to say, that with the aid of this instrument, a man can I 
easily find out for himself whether he has a catiiract or x»ot. If 
he has, he will only see a sort of veil covering the luminous disl^ 
which is seen by a healthy eye. The instrument is simple and 
curious, and will no doubt excite attention in those who aite aox* 
ious to know more ot tk^xa^^N^i^. ka. •''' ycv^^^v^a^^q " ni^y be I 
"^adlly extemporized b^ ms^isasi^g ^^Vc^a va^XSaa \wa£r«s^ ^^^' 
■OX with a fine needle. ^^ 
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TRANSMUTATION OF SPECIES. 



Prof. Huxley, in an address before the British Association, in 
1866, makes the following statement in regard to the question of 
the transmatation of species, so ably defended by Mr. Darwin, 
and which now claims as its supporters, as one of Nature^s agen- 
cies, at least, some of the most eminent zoologists, botanists, and 
palsBontologists of Europe and this country. 

Much obsenration must be made, and much evidence accumu- 
lated, before we can see our way to a theory of transmutation of 
species. The only valid, though cardinal, oMection to such a 
tiieory, is the want of evidence that a change of the kind inferred 
really takes place, and that so little proof of it is forthcoming, lu 
spite of the attention which has, for many years, been anxiously 
directed to the subject. The nearly allied species tantalize us by 
a certain flexibilily of type, and by their near approach to one 
another; but the^ seem rigidly to abstain from the boundary 
lines ; and the variations that take place seem to have no special 
reference to an approximation to those lines, but rather to a cer- 
tain power of accommodation to external circumstances, neces- 
sary for the preservation of the species. We find considerable 
Tarieties in the human species. We do not yet clearly know how 
to connect even these with one another, or vrith a common origin. 
Some of these are more, some less, allied to the monkey ; out 
between the lowest of the human and the highest of the monkey, 
there is a gap, the width of which wiU be differently estimated by 
different persons, but so wide that there has never yet been any 
doubt to which side any specimen should be referred. Now, if 
t the one has been transmuted from the other, how comes it that 
\ the series has been broken, and the connecting links ceased to 
E exist? The conditions are still favorable to the existence of the 
^ man and to the existence of the monkey ; why are they not still 
favorable to existence of the species that' have connected the one 
with the other? We may wonder, not only that the traces of 
species in past time are not forthcoming, but that the species are 
not now living. Moreover, we do not know that any conceiv- 
able conditions, operating through any number of years, will 
bring the gorilla or chimpanzee one whit nearer to man, would 
^ve them a foot more capable of bearing the body erect, a brain 
more capable of conceiving ideas, or a larynx more capable of 
communicating them. He did not think that much direct assist- 
: ance has been ^ven, by the theory of natural selection based 
upon the struggle for existence, ably propounded and ably de- 
^. fended as it has been ; it has dispersed some of the fallacies and 

\ false objections which beset the idea of transmutation of species, 
and has so placed tiiie question in a fairer position for discussion ; 
^1^ but it remmds us forcibly of some of the real difficulties and 
^>« objections. Though artificial selection may do much to modify 
^ species, it is rather by producing varieties, than by drawing away 

J very far from the original stock. To tVie iormet XJckSt^ ^fc^scoa -w^ 
^/£wit; bat the latter is stopped by tbe mcTeaaVci^ \>MetQ^;^c^ 
^nesa and unbealthinesa of fiie individusAa, \i^ liSaa «Qafc«^^a^'^'»^^** 
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disease, and the tendency to revert to the original type. So that 
incrcaHing departure requires greatly increasing care ; and we do 
not know Uiat any amount of care and time would be sofficient to 
produce what might fairly be called a new species. The bring- 
ing about any marked change, by Natore^s selection, is shown to 
be very hard of proof, and has opposed to its probability tiie fiut 
that the members of a species which are most unlike hare the 
greatest tendency to pair, and are the most fertile ; so tiiat we 
have here, in admtion to the ready reversion of modified breeds to 
the original stock, a law by which the g^rowth or perpetoation d 
peculiarities is prevented, and a constancy given to tiie characten 
of the species. This law is more striking from its contrasi w^ 
tiie bar that exists to the pairing of different species, and lite 
infertility of hybrids. Within a given range* dissimilari^ pro- 
motes fertilitv. Beyond that range, it is incompatible with it 

These, and other considerations, have always inclined him to 
the opinion that modifications of animal type, occurring in natne, 
are more likely to be the result of extemid influences operating 
upon successive generations, influencing their development, tfaor 
growth, and their maturity, than of " natural selection " and the 
" struggle for existence.*^ 

The slight variability of animal types through long periods, the 
clear manner in which many of them are worked out from one 
another, and which increasing investigation seems to render more 
and more apparent, make the prospect of proving that they are 
educed from one another by any of the hitherto supposed processes 
grow more and more distant, and the feeling arises that there must 
be some other law at work which has escaped our detection. 

Whatever be the law and forces which effect and regulate the 
evolution of species, they are probably of the same kind as those 
which are operating in the inorganic world. The orderly and 
definite manner in which forms and features and specific charac- 
ters are given and preserved in one instance, may be assumed to 
be of the same nature as in the other ; and we must probaUj 
refer the fixed animal and vegetable types to influences identical j 
with, or similar to, those b^ which the forms are assigned to ciys- | 
tals, and the stratification is ^ven to rocks, by which the geologi- 
cal epochs have been determined, and the boundaries of our plan- 
etary and solar systems have been set. One cannot but think tfait 
it may be within the power of man to work out and to compre- 
hend, in some degree at least, the principles by which these breab • 
in the organic and inorganic worlds, constituting as they clearly de I 
an important feature in the plan of creation, are brought about and r 
regulated. i 

In connection with this subject may be mentioned a paper pre* I 
sented to the same Association by Mr. A. K. Wallace, I 

On Reversed Sexual Characters in a Butterfly, and their InUrpn' I 
tatton on the Theory of Modifications and Adaptive itfimtcry.— bl 
this paper, the anmor, ^Ylo Na «av YDAfc^ndent originator of tb I 
theory advanced by I>arwYa, ^«^^ >2£\fe ^Ni^>s5x ^^ ^KstoL^^ <^*l \£& ovi I 
wd Mr. Bates's obacrya^oxka wi >i\i^ oA^\i. ^ %V^<^v^\ssOs.is^BX 
era. The HeUconieLW, «b gtwi^ ^'5. \sNx\XKtaasA ^iiSiRia. ^^i^^^ 
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odor, each as to cause birds to avoid eating them, were Emulated 
by the females of another group, which had no smell, and might 
Otherwise fall ready victims to birds. By their great resemblance 
to the obnoxions butterflies, the scentless females were enabled 
to escape pursuit and deposit their eggs. In different regions 
there were different species, tiius imitating and being imitated. 
Mr. Wallace conceivea that this case was a crucial test of the 
truth of the Darwinian doctrine. The females least like the Heli- 
conidsB had always been more subject to destruction, and conse- 
qnentlv by this process of natural selection the present state of 
very close resemblance had resulted. 

i^f. Huxley cautioned Mr. Wallace against considering this as 
a decisive case. It was explained quite as completely by the 
teleological doctrine of the late Dr. Paley. 

Mr. Herbert Spencer thought he could show that the case de- 
scribed by Mr. Wallace could not be satisfactorily explained by 
Dr. Paley^s teaching. He understood Mr. Wallace that the imita- 
tion was not complete, and varied in different individuals. This 
incompleteness was not to be explained were we to assume that 
the one butterfly was made in imitation of tlie other bv the Crea- 
tor ; but it was readily accounted for by the law of evolution. 

k'J 

f THE DIFFICULTY OF TRACING OBIOINS. 

r Mr. Grove, President of the British Association, in his Inaugii- 
, ral Address, August 23, 1866, favored the theory of Darwin, 
; while upholding the doctrine of continuity in the universe. He 
said: — 

** There is nothing, as Prof. Huxley has remarked, like an ex- 
tinct order of birds or mammals, only a few isolated instances. 
It may be said the ancient world possessed a larger proportion of 
flsh and amphibia, and was more suited to their existence. I see 
no reason for believing this, at least to anything like the extent 
: contended for ; the fauna and flora now m course of being pre- 
1 served for future ages would give the same idea to our successors. 
^ Crowded as Europe is with cattle, birds, insects, ete., how few 
' are geologically preserved ; while the muddy or sandy mar^ns 
' of the ocesyi, the estuaries and deltas are yearly accumulating 
^f numerous Crustacea and mollusca, with some fishes and reptiles, 
' for the study of future palasontologists. If this position be right, 
^ - then, notwi&standing the immense number of preserved fossils, 
^ there must have lived an immeasurably larger number of unpre- 
^ served organic beings, so that the chance of filling up the missing 
^ Hnks, except in occasional instances, is very slight. Yet, where 
circumstances have remained suitable for their preservation, 
P^ many closely-connected species are preserved ; in other words, 
while the intermediate types in certain cases are lost, in others 
rj they exist. The opponents of continuity lay all stress on the lost, 
■<? ana none on the existing links. But there is another difficulty in 
*J the way of tracing a fi;iven organism to ita -^^bT^TiXrlarccL^-^VssSsv. 
Y^ixMO oar conrentioned mode of traciug gQTiQ«\o^^^<» Na^ 
*^ looked upon in its proper light. YTlieT^ ax^ N9^ Xo\Q«ift 
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remote ancoRtor of a eiven form ? Each of us, sapposing none 
of our progenitors to nave intermarried with relatiTes, would 
have liad, at or about the period of the Norman coaqaest, vjh 
ivanls of a hundred million direct ancestors of that generatioB; 
and if we add the intermediate ancestors, double tmt Domber. 
As each individual has a male and female parent, we have odIt 
to multiply by two for eac^h thirty years, the average duradonof 
a fi^c'nonition, and it will give the above result. Let any one 
assume that one of his ancestors at the time of the Nommn con- 
qu(!st was a Moor, another a Celt, and a third a Laplander, and 
that these three were preserved while all the others were lo^ he 
would never reco^ize either of them as his ancestor; he wodd 
only have the one nundred millionth part of the blood of each of 
them, and, as far as they were concerned, there would be no p^ 
ceptible sign of identity of race. But the problem is more com- 
plex than that which I have stated. At the time of tiie conquest 
then) were hardly a hundred million people in Europe. It foUoin 
that a great numoer of the ancestors of the propositus must hare 
intermarried with relations ; and then the pedigree, going back to 
the time of the conquest, instead of being represented by divei7- 
ing lines, would form a net-work so tanglea that no skill com 
unravel it. The hiw of probabilities woifld indicate that any two 
X>eople in the same country, taken at hazard, w^ould not havemuj 
generations to go back before they would find a conunon ances- 
tor, who prol>ably, could they have seen him or her in the life, 
hail no traceable resemblance to either of them. Thus two sni* 
mills of a very different form, and of what would be termed verr 
different species, might have a common geological ancestor, ani 
yet the skill of no comparative anatomist could trace the descent 
From the long-continued conventional habit of tracing pedigree 
tlirough the male ancestor, we forget, in talking of progenitors, 
that each individual has a mother as well as a famer, and there b 
no reason to suppose that he has in him less of the blood of tk 
one than of the other. The recent discoveries in palasontologf 
show us that man existed on this planet at an epoch far anteiiof 
to that commonly assigned to him.** 

OfilGIK OF SPECIES IN INSECTS 

The following are the conclusions of Dr. D. B. Walsh, in« 
paper on ** Phytophagic Varieties and Species of Insects." Tte 
name is given to those otherwise identical insects wliich differ, ai 
varieties or species, according to the species of plant they feei 
upon. Difference of food, even when the food-plant belongs to 
widely distinct botanical families, is accompanied by no diffeieoef 
whatever, either in the larva, pupa, or perfect state, in many specki 
of insects. On the other hand, difference of food is in others if 
companied by a marked difference in the color of silk-produciij 
secretions, in the colors, markings, size, structural differencal 
and chemical properties of gall-producing secretions, in one A 
both sexes, and in all stages of growth. From the long catalogW 
of facts enumeiatAd b^ ui«^ CAi&or^he says: "For my ownm 
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-' as, on the most careful consideration, I am unable to draw any 

^ definite line in the above series, and to say with certainty that 

^' here end the varieties and here begin the species, I am therefore 

3 • irresistibly led to believe that the former gradually strengthen and 

1- become developed into the latter, and that the difference between 

X them is merely one of mode and degree. — Amer. Joum, of Sd- 
8qti., 1865. 
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KATIVE AMEBICAK BACES. 



At the meeting of the Anthropological Society, April, 1866, Mr. 
it W. BoUaert read a paper on the ** Anthropology of the New 
2: World." The author, m embodying ]ina experiences of the Red 
Man, noticed the erroneous statement which had been made, that 
fi the physical configuration of American natives was the same all 
Z3. over the continent. This was not quite the case, even as regards 
^X* color; while as to form, feature, physical and mental develop- 
i» ment, there are marked differences and peculiarities, resulting 
>v. from causes investigated in detail. He gave minute descriptions 
^ of the various theories which had been propounded to account for 
c. the population of America, especially of the known facts regard- 
s: ing the colonization of the northern parts by the Icelanders in the 
:: tenth century. He condemned the theory which Rivero and 
^ Tschudi had advocated, that such ori^nators of American theo- 
fcr cracies as Quetzalcoatl of Mexico, Bochica of Bogota, and Manco 
*i Capac of Peru, were Buddhist priests. His own researches on 
^ 2 this subject were not confirmatory of this hypothesis. The native 
; jc traditions of the aborigines were not confirmatory of this theory 
H.T of Monogeny. He gave a minute description of the materials he 
^ had been able to collect concerning the Red Man, before and afber 
^ ; the discovery of America by Columbus, adopting as examples the 
^ ', inhabitants of the Russian possessions in America, British. North 
^\ America, Newfoundland, the United States, West Indies, Texas, 
^^ Mexico, Central America, New Granada, Quito, Brazil, Chili, the 
1^ Pampas, and Peru. 

The native population of America at the period of its discovery 

was estimated as over 100,000,000 ; at present there may be from 

10 to 11,000,000. They are said to have some 400 languages, and 

' 2^000 dialects. He considered the time required for the evolution 

;_ l^of each of these to have been vast. He commented on the evi- 

^dence which had been afforded of ancient human remains at 

•^ Ouadaloupe, in the West Indies (j^robably recent), the Florida 

;^-Ooral reef, Natchez on the Mississippi, and the Brazilian bone- 

^'ktutves. Pottery had been found in Ecuador, under circumstances 

i^:'^hich showed that it had been submerged for an unknown time 

s'^nder the sea, and again upheaved. He pointed out some impor- 

i«*buit differences between the physiological characters of the Wnite 

~ Red Man, and concludea by affirming that his inquiries into 

subject of species and varieties led him to abandon the unity 

monogenistic view, for the plurality or polygenistic theory of 

iparate creations. 

27 
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zo5loot or braztl. 

Tho following information concemin^ the a-Ttimklg of Bnzflu 
conilonBcd from tibe lectures of Prof. Aj^assiz before the Lowell 
InHtitnte, Boston, Mass., in October, 1866. 

FUhes of the Amazon. — He alluded to the astonishing Tsrielj 
of flKlu'.s found in the Amazon, very far surpassing what wu 
bi^foro known on tho subject, and most astonishing in oompuian 
with other rircrs. The Mississippi had yielded but one hundred 
varieties, and the rivers of the old world not so many, though of 
larger size. Ho is reported to have collected over eifffateen him- 
dred varieties in the Amazon. The Amazon contained nocjprin- 
Ida) or suckers, no perch, no pickerel, no trout ; but gomodoDts 
tcemod in its waters, in many species. The kinds varied in the 
different places in the valley, no two localities yielding the sune 
kind. Thoy were also found in other rivers in Brazu, and evei 
nortii of that country in Sonth America. They were to be fonnd 
in the mud and in hollow trees in the water. One of tiie roedes 
took care of its young as no other fish did, being provided wkfa 
apron-like appenda^s on the jaws, which extended al(»ig half 
tho length of the abdomen. On these they deposit their eggs, ind 
carry them about until the young are hatched. Another kmd 
bored holes in the river bank, three or four feet in depth, ind 
deposited their eggs therein in round buncheek 

The family of CaUichthys, characterized by two rows of scales 
upon their sides, with a depression between them, have the pecu- 
liar habit of leaving the water at times, and he said he had fre- 
quentlv found them on dry land throe miles from the wat». 
They deposit their eggs in a cavity, after the manner of the stickk- 
back, and hatch them by sitting upon them. They will ascead 
trees. 

The Dorades are mainly distinguished by a single row of scaki 
on each side, though some of the genera have two and three ron 
Another family, the Aspherides, lay their eggs and then pass orer 
them, the eggs becoming agglutinated to the under sides of thdr 
bodies, and remaining held there by a filament until hatched. I 

II(^ described several other families of this order, with their 
peculiarities of form, color, and habits, remarking that several of 
these families have hitherto been unknown to naturalists. The 
Characines represent in the tropic waters our salmon. The pecs- 
Uar construction of the mouth marks the different families m thh 
order, some of them being entirely toothless, others having teetl 
only in the upper jaw, and others having both jaws armed willi 
teeth. These families also differ so mucn in color that the ooa- 
blnation of lines seems almost endless, though there is a gened 
plan in the colors as much as in the form. One of these famUiei 
IS a most formidable fish, having a wide mouth, armed on both 
sides with pointed, seiTatod teetn. A horse or cow falling into 
the river would be devoured in one hour by these greedy fisn. 

He had a curiosity to asceitain how the marine scutes compared 
"With the scates found in the rivers, and had made comparisons ai 
he proceeded up the Pax^ Yiver. The fii'st scate he found altff 
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entering fresh wat^r belonged to no marine genus ever found in 
the sea, and the next six or seven which he obtained exhibited 
the same dissimilarity. Tliis was a fact against the t^pory of 
migration. It was a general fact, that, within a certain circum- 
scribed area each fresh water tract has its distinct species ; and it 
was remiffkable how certain families, or even genera, prevail over 
g others. In comparing the fishes of the northern and southern 
rivers of Brazil, the difference was found to be still greater, each 
: basin having its special distribution. 

He drew one general inference from these general statement8« 
^ namehjr, that all these fishes are in their natural home, and have 
s not nugrated, but have originated where they are found. 
g.- Brazilian BeptxUs. — Though serpents of great size, power, and - 
Qi ▼irulence, abounded in Brazu, he said he had met with but few ; 
jt and there was not much danger to travellers, who could penetrate 
i^ the woods, or recline among the vegetation with impunity. If 
,, oerpents were met, it was only as an accident to whica men are 
^. liable everywhere. 

Ij. Though there are many frogs and toads, there are no salaman- 
^ dera in Brazil. The tree-toad rivalled in beauty the brilliant 
^ plumage of some of the native birds. Then there were barking 
^ and crying frogs, whose voices might be mistaken for souncS 
Uttered by large animals or by human beings. There were many 
varieties of reptiles ; and the same localization prevailed as among 

1 ^shes. This also prevailed among insects. 

There were in the rivers, he said, a great abundance of turtles, 
oongfregating in some localities in masses of hundreds of thou- 
sands, all endeavoring to get on shore to lay their eggs, of which 
each turtle deposits from eighty to one hundred. There were 
also terrestrial tortoises. The sdligators differed from the croco- 
diles of the old world in the arrangement of their teeth, and in 
other respects ; and the lizards, which were numerous, were chiefly 
. tree-lizaras. 

I^ Bird» and Mammals. — Of the varieties of the aquatic class of 
l^ birds found in northern regions, he remarked, there are but few 
~ representatives in the An^onian region. There are of tJie 
flwimmin^ birds, some ducks, and a variety of small geese, sev- 
^' eral species of the latter being unknown at the nor£. Of the 
? wading birds, there are none resembling our plovers or sand- 
^ peeps ; but the red ibis abounds in such numbers as to obscure the 

2 air, and the white herons and the large storks crowd ttie surfaces 
^ of the pools in the forest, or congregate along their margins. The 
^ Ixbrds allied to our gallinaceous fowls present a striking feature. 
^ One of these, called the unicorn, is as as large as a turkey, and 
^^ has a horn-like appendage upon its head. There the gallinaceous 
^ ^ birds proper do not resemble those of our own country, or of the 
^ countries of the East, theu* characteristic bein^ a heavy build. 

^ One of the glories of South America, he said, was the famijy of 
|*r huQunlng-birds. They are found not only in low lands, but m all 
^ the valleys of the Andes, in hundreds of varieties. 
^ He observed that, as with other animals, whatever variety of 
"; birds was noted, it was seen that they were specially cu'cumr- . 
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■oribed In their localizAtion. Their powers oflocomotion, instead of 
facilitating their distribution over a wide surface, only seemed to 
allow them to remain in a eenial clime. With reference to the 
mammalia, the localization of the different species was still mon 
Btrikine. He described several families or aquatic nutmrnalii 
found m Brazil, l)oth cetaceous and pachydermatous — the tipir 
and the peccary being the only genera of the latter. The exist- 
ence of the fossil remains of mammalia, both in BrazO and in the 
United States, was next spoken of at some length, and the impo^ 
tanoe of the study of these remains, in determining' the or^ and 
distribution of animals, was alluded to. There were evidences, 
the lecturer said, that the rhinoceros, the elephant, and the 
- megatherium, once had representatives in this country ; and a 
Dutch naturalist had discovered a larger namber of extinct species 
of animals in Brazil than now exist there of living* species. 

He next passed to the families of rodents, ruminants, and cv- 
nivorous ammals, in all of which was manifested the same dissim- 
ilarity to the families existing at the north, and a similar peculiir 
circumscription of types. In the tropical regions, the only rodents 
which approach ours in appearance are the squirrels, and these 
are few in number. In the family of ruminants there are no holb, 
cows, sheep, or antelopes. Even the deer, so numerous in North 
America, Europe, and Asia, are in Brazil reduced to a few smil . 
species, not exceedins^ the size of the common goat. The whob I 
host of fur animals, characterizing northern re^ons, are wantm^fi I 
and they are replaced by many varieties of skunks. 

CLASSIFICATION OF HOLLUSGA. 

In the proceedings of theEssex Institute, Salem, Mass., vol. if., 

&162, is an article by Edward S. Morse on ' * A Classifieation d 
ollusca, based on the Principle of Cephalization.'^ He adopti 
the name "Saccata," proposed by Mr. Hyatt, as more fully ex- 
pressing the typo of the division than the term " Mollusca;** tiiii 
name not only expressing the plan, but being' ecjuivalent to tlN 
titles Yertebrata, Articulata, and Radiata, and being in no wayi 
qualitative appellation. The gradual morphologic^ changes of 
tne contents or the sac, and all other relations, are based on At 
principle of cephalization. *' According to this principle, cephib 
power is manifested either as a mechanical, sensorial, or psychicii 
force. Thus the Cephalopods possess, in the greatest measoiA 
all three ; while Gasteropods, not indicating, to any ^reat exteri; 
aggressive action, may be said to manifest but little psycUol 
power; and the LamcUibranchiates manifest essentially oolf 
mechanical action. We have cophalio power manifested in Ai 
mechanical action of the foot, thus : — 

1. Lamellibranchs — locomotion. 

2. Gasteropods — locomotion, prehension. 
o. Cephalopods — locomotion, prehension, and aggression. 
The characters may thus be stated : — 
Saecaia. — 1. Animals of varied forms, without a radiate 

01^ and without ar\icni«iAion&. 
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Stomach and viscera enclosed by a fleshy sac, which may be 
I or open, at either one or both ends. 

. Principal nerve masses consisting of ganglia, which are 
3nt to or surround the oesophagus. 

Intestme bending inward, or having an outward flexure. 

Heart on the outer bend of intestine. 

Holoioio, rSaoopinat C Cephalopoda, 

or Typio. I anterior end. } Ghisteropoda. 

Month opens | Sae open at ^ 

anteriorly. (both ends. } Lamellibranflhiata. 



iTJL, 






Phytjwoioor f Sao open at {innioato. 

Hemitypic I posterior end. < *«u*«.mi-. 

Month opens 1 C Braehiopoda. 

^posteriorly. (^Sae dosed. i Polysoa." 

I paper is also published entire in the ** American Journal of 
30 " for Jtdy, 1866. 

6ILK-FBODIJCINO SPIDER. 

Burt G. Wilbur has brought to the notice of the scientifio 
a silk-producing spider, NephUa plumipes, which he believes 
lecome useful in the arts as a source of silk. Those inters 
in the discovery and habits of this spider will find full detuls 

** Atlantic Monthly," and in the publications of the Ameri- 
ssociation for the Advancement of Science, Boston Society 
tural History, and American Academy of Arts and Sciences, 
scribed the formation of the very large web at the meeting 

American Association. In the first place, the Nephila 
her scafifolding, afterwards consumed, and running about 
4i she stretches out her radii, converging to a pomt four 
as near the top of the web as the bottom. Instead of wast- 
me by tiding to work round and round like the common 
, impossible to do with the functional centre of her web 

she places it, she goes back and forth di*awing up each 
I at the point where she attaches it to the radius with a sort 
p, which inclines it a little toward the centre. This Web is 
tly dry and inelastic, — would never catch a fly. She begins 
where the work stopped, and covers the whole web with a 
and elastic gnm, which arranges itself in drops, according 
attraction of cohesion, along ue web. She will not spin a 
d web, but insists on an angle of seventy degrees, and 
at the functional centre, on the under side of the web. Al- 
ii her vip^ette shows eight eyes. Dr. Wilder is confident the 
la is blind to objects, and can only distinguish light from 
Bss. When a fly is entangled, the spider goes out on a ra- 
» devour it ; but if off her radius she cannot see it, and returns 
centre to shake the web and ascertain from the vibration 

its weight drags. He has seen two of these enormous 
s approach each other, entirely unconscious of each other'' 
ice till their legs interlocked without touching. If.t 
)d, ever so slightly, both would turn and run away. ' 
57* 
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t»a1o in to tho female in weight as 1 to 125, sometimes as 1 to 150. 
ill* seoniH to li:iv(; only a generative functioD, and she carries him 
alxnit on her Hhoiildiir. They change their skin strangely; the 
hanl head and thorax divide evenly across the front; the soft 
body Ih dnij2:<;i*d out tliroiigh two wounds which one miglit saj 
were acn>3a t\w nhoulders. For some days it eats Toradouky tod 
l)(H*oni(!8 ttlugginh. The top of tlie head snaps up ; the head ^om 
and enlarges ; it splits across the shoulders ; the abdomen is dn^- 
g('(i tlin>iigh ; the old skin is off, but it still holds the jaws, palp, 
iukI legs. This happens slowly at first, but he had had spiders poH 
their own legs off. They hang thirty minutes to harden thdr 
membranes. 

HICBOSGOPIC LIFB. 

Shall we consider the universe more Tvonderful firom its TUk- 
ncss, or its array of the minute P Shall we consider the £u^of 
orb, whose light is thousands of years in traversing the spun 
which separates it from our vision, a more impressive phenomenoa 
than the monad, five hundred millions of which may exist in t 
di-op of water? Shall we consider the revelations of the tek- 
scope of the immeasurably great, more glorious evidence of tiie 
divme order, than tliose of the microscope of the immeasorabtf 
little P The terms great and small, in this world we inhabit, in 
indeed relative, and we grievously err in considering that poo- 
tivcdy little which seems so to our relative forms of perception. 

Under the highest magnifying powers of the microscope we 
still perceive organized beings i)08sessed of life. We fina then 
every wh(? re, in our bodies, our food, our water, our flowers, in 
our gardens, in the air we breathe, in snow and in ice. "In 
vain," says Bory St. Vincent, " has matter been considered as 
eminently brute, without life. Many observatious prove that if 'i 
is not all active by its very natui*c, a part of it is essentially so, 
and the presence of this, operating according to certain laws, is 
able to produce life in an agglomeration of the molecules; aod 
since tliese laws will always be imperfectly known, it will, it 
least, be rash to maintain that an infinite intelligence did not 
impost them, since they are manifested by their results.** 

Khrenbcris; found a few species of infusoria in the subterraneu 
water of mmes ; he met with several in some silver mines is 
Russia, at the depth of Hfty-siz fathoms below the suiiace; but 
ho never detected them in atmospheric water, such as dew. He 
also discovered that the yellow dry fog — which has often beei 
attributed to the tails of comets, and so alluded to by Humboldt 
and Ara^o — observed from time to time advancing from the Cape 
Verde islands towards the east, covering parts of North Afria, 
Italy, and Central Europe, is composed of nn'riads of siliciooi 
aninialcula, carried away by the trade winds. Similar animalcQli 
have been found in fixed or floating icebergs at twelve degred 
north latitude, while numerous forms of the same gi'oup have b^ 
detected in hot inineYal «;!^t\tv^. 

I glAg ff of water and «A\owgOl\o xcombmi Xickax^i ^t^xs\. N^n^^k \5^^ 
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days, exposed to the air and to the light, at the end of that time 
the water will have assumed a green, or brownish-green tinge, 
and, on being submitted to examination under the microscope, 
will be found to swarm with many descriptions of infusoria. How 
did they come there? Some say their eggs, or ** buds," are con- 
stantly present in the air, driven about everywhere by the wind, 
and develop themselves whenever they happen to fall upon an 
appropriate medium, such as putrefying vegetable substances. 
Ouiers say that the e^gs form spontaneously m water containing 
vegetable matter, as me eggs of other animals in the womb. 
Naturalists, such as Lamarck, Oken, Geoflfroy St. Hilaire, Dar- 

. win, and others, consider infusoria (^Monads) as the fundamental 
organic substance from which all higher organisms have been pro- 
gressively developed. Nature ^created Monads, the most simple 
form of infusoria, from the graclual perfection of which, through 
myriads of centuries, and amidst all kinds of physical changes, 
all the higher classes of animals have been produced. On such 
]x»ints, while we may persistently investigate, we may reserve our 
judgment. 

The Monody the simplest form of infusorial life, consists of a 
fine pellucid membrane ; it forms a very minute sphere or cell, 
having a few ^veen or colored spofis in its interior. It requires to 
be magnified 640 times to be seen at all. Some authors say it 
varies from 1-24,000 to l-500th of an inch in size, according 
to the species. According to Humboldt, the true monad never 
exceeds l-d,000th of a line in diameter. It effects its locomotion 
by means of cilia, fine hair-like processes which cover the whole 
surface of the body, and which are constantly vibrating. 

Some of the iniusorial animalcula secrete a covering of hard 
flint ; so that the covering of infusoria is of two kinds : the one 
Boffc and apparently membranous ; the other ri^d and hard, hav- 
ing the appearance of a shell, though, from its flexibilty and trans- 
1>arent nature, it is more like horn. The microscopic beings be- 
onging to the class of Bhizopoda — a class higher than infusoria 
— present also the latter peculiarity. This hard covering consists 
sometimes of silica, and sometimes of carbonate of lime. To it 
we owe the preservation of infusoria and foraminifera which have 
lain for centuries upon centuries in a fossil state, in the strata of 
the earth. It has been calculated that eight million individuals of 
Manas crepusculum can exist within the space that would be occu- 
pied by a grain of mustard-seed, the diameter of which does not 
exceed one-tenth of an inch. The rapid and mysterious transition 
of color which is observable in lakes, and which has often created 
alarm in the minds of the superstitious, has been attributed to 
infusoria. A lake of clear, transparent water will assume, for 
instance, a green color in the course of the day, it will become 
turbid or mud-colored about noon, when the sun brings the infu- 
soria to the surface, rapidly develops them, and where they die 
by millions before night. Microscopic vegetables may produce 
similar results. Infusoria and rhizopodai ^Vab^ %si \\sivs^Xa^ 

part In the pbospboresoenQQ of the B«a. TYka \\iai!Mvn«&i ^^qp^ 

wares is siippoaea to be entirely due U> VSieixi* 
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FiismI infusoria have been detected in ^reat nnmbers. They 
wiM'tt lirrtt discovered in certain silicious deposits, near BerUn, bat 
Iiiive \wv.n. since recognized in all parts of the world. The silicioos 
:ind imperishable envelop, before alluded to, enables them ta be 
minutely invesU*^ated. These shell-like integuments, visible only 
un<it*r the microscope, consdtute masses of white powder, known 
xuH niounlain meal {herg mehl, German ;/arin^ de moniaffne, French). 
In Swedish Lapland, under a bed of decayed moss, is found u 
iuinitMise stratum of this substance. These fossil infusoria do not 
of tlicmselvos constitute an aliment of sufficient nutriment to sbs- 
tiiin life ; but in China, where " mountain meal ^* abounds in eome 
districts, it is maile use of to mix with other food. Infusorial eaith 
hiis been found in America at West Point, and in different locali* 
ties in New England. Some of tlie deposits are fifteen feetia 
thickness. Richmond, Virginia, !reposes on a bed composed 
almost entirely of such earth. 

The city of Berlin is built upon snch a deposit, consisting of 
microscopic animals and plants, some of which are still living and 
prop:i<^aUi daily with great rapidity. Their existence is doubUea 
maintained by the waters of the Spree, situated on a higher level, 
and which filter through the deposit. It is feared that a period 
will arrive when a portion of the town will fall in, on accoantof 
the rapid development of these creatures, some of which, accord- 
ing to Elirenber*^, form in the space of four days no less thu 
two cubic feet ol new movable earth. 

The polished slate of Bilin in Prussia, which is used for polish- 
ing metals, glass, marble, etc., is entirely coiu]>osed of the sOi- 
cious shells oi iiiiusoriaaud other animalcula, and forms a stratam 
fouileen feet thick. One cubic inch of this polished earth has 
been shown by accurate measurement and calculation, to contaio 
forty-one millions individuals oigaUioneUa distana^ and 1,750,000,- 
00(> of gaUioneUaferruginea, 

The material clialk appears to owe its origin in ^reat part to 
remains of myriiids of animalcula, principally ybrammi/era. Thej 
secrete a calcareous shell or covering, sunilar to that of the sili- 
cious infusoria. I 

The calcareous bed of the tertiary formation, known as nnm- 
mulite limestone, is an interesting study, on account of the enor- 
uious quantity of nummulite shells — larger foi*aminifera — which 
it contains. This limestone can bo traced from the Pyrenees, 
through the Alps and Apennines, into Asia Minor, and further, 
through nortliem Africa and Egypt, into Arabia, Persia, and 
northern India. A similar deposit occurs in the Paris tertiary 
basin, and in that of Brussels. The fine-grained and easily 
M'orktid limestone, which affords such an excellent material for 
tiuj iI(>(:oratcd buildings of tlie French capital, is almost entirely 
formed of accumulated miisses of tlie minute shells of foramio- 
ifeious animalcula. In this nummulite limestone, the matrix ia 
"Which the nummulites are imbedded, is itself com2>osed of the 
more miuute tovamimtcTai., «Aij\ ol \*\\<i \Ycok».w la^vd ccuueuted frag- I 
^enta of the larger pvocoa. — DruggUW CvtcuJUvt . ^5iKsRk . l^^ 
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ZOOLOGICAL SUMICABT. 

yUdlUy of {he Sdhnonidas. — Mr. Miller has given the following 
important resolts from his own experiments on the circnlation in 
jonng SalmonidQ9, such as the European salmon, trout, grayling, 
and coregonus. In the earlier state, the vitality of the SaWon- 
idfB has as its inferior limit— -2° C, and as the higher -{-- 90^ 0. 
With trout, and with the Salmonidso in general, the necessities of 
respiration increase with the temperature. Water in which the 
fish live should be much more aerated, or more frequently re- 
newed, when the temperature is above 4- 15^ C, than when it 
remains below -f- \(P C. The transportation of embryonic eggs, 
and of young Salmonidss, requires much less air, or less water, at 
a low temperature, than at a hi^h temperature. The. fertilized 
e^;s will bear long journeys, anamay be carried groat distances, 
IT kept moist at a tempeniture a little above zero. The most 
favorable temperature for the development of the young Salmon- 
idle is between 10° and 15° G. — Amer. Journal of Science^ vol, 41» 
1866. 

Inunctions of the Air Cells in Birds, — Dr. Drosier read a paper, 
in ld66, before the Cambridge Philosophical Society, in which he 
maintained that the air-chambers in birds are not employed to 
lessen the specific gravity of the body. The floating power of 
the air in the sacs and bones of the bird, when raised to the aver* 
affe temperature of the bird^s body, he calculated to be in a 
p%eon less than a grain ; therefore he maintained that the bird 
was supported in the air solely by the muscular effort exerted in 
the downward stroke of the wing, l^or are the air cells designed 
for aerating the blood, because the vessels in them are very fine^ 
and sparsehr scattered. He considered their true functions to be, 
that, since tne thoracic cells expand when the abdominal contract, 
and Vf'ce versa^ during the expansion and contraction of the chest, 
^ a constant current of air is kept up through the lungs, and so 
^ fresh air plays constantly over the capillaries in the lungs, which 
^ are naked. 

Parturition in the Kangaroo. — M. Alix claims for M. Jules 
Yerreaux the discovery of the mode of parturition in the kanga- 
roo. M. Yerreaux kept a large number of these animals in cap- 
tivitv, and by attentive care day and night he was able to ascertam 
the following facts. When the female feels that she is about to 
expel an embryo, she applies her anterior paws to each side of 
the vulva, so as to open its lips ; then she introduces her muzzle, 
and receives the embryo into the buccal cavity. The aperture 
of the marsupial pouch is then opened by the paws, and the em- 
bryo dropped into it from the mouth, when it soon attaches itself 
to the mammary gland. Both Owen and Bennett had jessed 
these facts, but M. Yerreaux was the first to observe them. — 
Quart, Joum, of Science^ 1866. 

Incubation of Eggs in some of the ChromidcB, — In a letter from 
Prof. Affassiz, dated from Brazil, Sept. 22, 1865, he says : "I hay^ 
observed a apeciea of Oeophagus^ wbicYiDaaiN^ ^^f&*" 
the name of O. Fedramust the male oi ^YosSid ^sdxr^aa^ 
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a very prominent knob, which is entirely wanting in the female 
and yoiins^. This same fish has a most extraordiDary mode of 
r4'i>i*udiii:tion. The eggs pass — I don^ know how — into tiie 
iiioiilli, the bott«)m of which they cover, between the intenul 
aiqxtuilagus of tlio branchiiB, and especially in a pocket, fonned 
by ihu BiiiMsrior pliaryngians, which tliey completely fill. Tfiere 
tfii-y arc bati;hed, and we young, free of their shell, continue to 
m'ow until they are in a fit state to take care of themselves. I 
^on't know how long this takes, but I have already met with 
examples, in which the young were no longer provided with the 
vitt^lline sac." 

Deurees of DomeaHcatitm. — There are in animals three recog- 
niziHl and uistinct degrees of capacitv for domestication. The fi^ 
class are animals of a " domesticatea nature," being those which, 
when once thoroughly domesticated, continue habitually with man, 
will not willingly leave him, and, if they do so accidentally, will 
probably return ; among these are cows, horses, sheep, and poultry. 
Tiu^ second are animals capable of only an imperfect domestica- 
tion. They breed freely in the homestead, and are useful to man; 
but, if they escape from him, will probably not return; among 
til CMC are tamed (leer, hawks and pheasants bred at home, andeoU 
and silver fish in private waters. A third class, sometimes culed 
domesticated, such as hares, rabbits, monkeys, parrots, canaries, 
etc., is altogotlier incajpable of domestication ; for, whatever u 
ec(u>ntric member of the species might do, they will, as a role, 
cs('a])(t to savage life at the first oppjortunity, unless coerced by 
climate or hunger. Some species require to be semi-domesticated 
for centuries, before they become completely so. Without atten- 
tion to these distinctions, experiments in domestication are liable 
to be failures, or only partially successful. 

Animality of Sponges, — Prof. H. J. Clark, in *• Silliman^s JoIl^ 
nal ^^ for November, 1866, communicates a paper on the animality 
of the ciliate sponp^es, which he regards as belonging to the Pn>- 
tozoa. lie exammcs specially the marine species Ijeucosolem 
(Orantid) hotryoides, Bowerbank. He concludes as follows: 
** What are the diversities of other genera of the Spongise ciliats 
I cannot more tlian conjecture ; but seeing that one of the genera 
is so closely related to the monociliate FlagdkUa^ it can hanlly be 
])ossible that tlie others are very far removed; and I shiUrfeel 
warranted, therefore, in assuming, upon the premises, that Uie 
whole gn)up of Spongice ciliatcB is as intimately allied with the 
iiionoeiHate Infusoria Flagellata as is possible for it to be witibout 
actually constituting, with the latter, a uniform family .^^ 

Temperature of Birds. — Dr. Davy has a paper on this subject in 
the ** rroceedings Royal Society," No, 78. He thinks that the res- 
piration of birds is less active than is commonly supposed, and that 
their high temperature is maintiiined by their warm clothing, and 
by the small loss of heat they experience through pulmonary or 
outiineous evaporation. 

Muscular Power of Insccta. — H.¥Q\Y3L^\aAftfljx has made many 
xperiments on the Tauftevx\?k.T ^oxvi^i Ci^«^c\fc^\v^ vass-^jxs., "^>^«sifcs^ i 
Iff a wire to the legs ol \ua^viX»>\:^ ^^\?uiias^ Sisv^ ^ss^.^jis,'^ 
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. draw on a given stirflEide, and finds that a beetle, Donacia nymr 
pTiea, can pull 42.7 of its own weight. If a horse were equally 
powerful, he would be able to draw 25,000 kilogrammes, or more 
than double that number of pounds. 

On the Pterodadyle. — Mr. Seely adduces reasons for supposing 
tiiat the *' Pterodactyle was a quadruped, and, when not nying, 
carried its wings folded up in front of the fore limbs.'' From a 
consideration of various points of structure, he concludes that the 
** Pterodactyle's place in nature appears to be side by side with 
the birds, between the reptiles and the mammals.'' 

New Mammal from China , — A French missionaiy, M. Armand 
David, having sent home skins, etc., of the mi-lou, or sseu-pott- 
9iang, a large sort of stag, M. Alph. Milne-Edwards describes it 
to the French Academy. The second Chinese name signifies *• the 
four discordant characters,'' the creature resembling a stag in its 
horns, a cow in its feet, a camel in its neck, and an ass in its tail. 
The horns, which belong only to the male, are large and branched, 
but differ in some Important particulars from the antlers of the 
8fca£^. The fur is rough and gray, with a black line on the back 
and breast. The tail, instead of being short and thick, as is com- 
mon with stags, is very long, and terminates in a tuft of long hair. 
The mi-lou is as b|g as a large stag. Herds of them live in an im- 
perial park some aistance m>m iPekin ; but the Chinese do not 
know where they came from, or on what date they first arrived. 
M. David thinks that Hue and Gabet spoke of the mi-lou in de- 
scribing •• reindeer," which they saw beyond Koukou-noor, about 
lat. 36°. M. Milne-Edwards proposes to call the animal ElaphU" 
ru8 Davidionie, — InteUedual Observer ^ Jtdy, 1866. 

Historic Age of the Dop, — M. Quatrefages states that hi China 
the exact period of the mtroduction of the dog is known, viz., in 
the year B. C. 1122, about 3,000 years ago, or, about the period » 
~ of the siege of Troy. The dog appears, from what he asserts, to 
be a domesticated jackal, and the jackal a savage dog. 

Chinese Beauty^s Foot, — On examination, no toe was visible but 
the big toe ; the others had been doubled under the sole, with 
which they had become incorporated, and could not be distin- 
guished from it except by the white seams and scars that deeply 
furrowed the skin. The instep was marked by the vestiges of 
large ulcers, consequent on the violence used to bend it into a 
lump, and in form, as well as in color, was like a dumpling ; the 
limb from the foot to the knee was withered and fiaccid as mat of 
one long paralyzed. — Travels in Mantehou Tartary, 

Voices of Fish. — M. Dufoss6 summed up a memoir on this sub- 
ject before the French Academy with these general bonclusions : 
** Anatomv, physiology, and the history of the manners of animals 
all a^ree in demonstrating that nature has been far from refusing 
to all fishes the gift of expressing^ by sounds their instinctive sen- 
sations ; but she has not accorded to these beings that unity of 
mechanism in the formation of sonorous vibrations which she has 
done in the first three classes of the vertfebT«.\ft^. Tt^ax^ ^iJt'ik Nss. 
the organization of fishes afr least three eft^exLtVod^^ ^^>DixiRXxsv^55^- 
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flpfH-ii>4 liiive tho power of emitting commentnirable Eonnds, 
inii^iciil. and un^fMidc^roil by a mechanisni of which mascalarn- 
linitii)!! U th(i principal motive-power; others can give birth to 
hn':ithin<r Hoiinrirt like those which manj reptiles emit; andfinalh 
othiTH have only tlie power of making* stridulent noises, tbe effect 
of a (MKirK4t mtfchanism, such as is found in a great number of in- 
8«n'ts. It wouUl be a miziconccption of the physiological de&d- 
til HI nf till) w(»nl voice, t«> use that word for the purpose of deg*- 
natin;; wuintlA so very tliflferent ono from another ; and espeam 
tli«! (M)niiii«Misuraljlu pounds which fishes produce by means df 
tlireo organic mecbaninms which have no resemblaince to each 
otlicr." 

Vision of Fish and Amphibia. — M. Plateau, of Ghent, hu 
rectMitly published a sketch of his researches on Uiis subject. His 
in voKt ideations were only extended to fresh-water fish, owing to 
the diflk'ultv of procuring otliers in a fresh state. He finds that 
tlie c(}rn(>a is flattened in the centre, but that a .curvature is veir 
apparent at tho bonier. The crystalline lens is always spherical, 
and the liquid which fills the cavity of the eye is of the same, or 
nearly tho same specific gravity as water. IV>r purposes of com- 
parison he has examined the eyes of aquatic birds, and of frogs, 
and of wnno aciuatic mammalia, and he nnds that in all the cornea 
is s(;nsibly flattened in the centre, and the d^ystal]ine lens ap* 
pniiichcs the frirm of a sphere. In order to show that in the M 
vision is as distinct in air as in water, and that this distinction is 
in<l(ip<;nd(jnt of any power of accommlation, he prepared a recently 
renioviul eye in such a manner as to show the formation of the 
im:i<>^() of (external ol>j(K;ts. He found that the distsmces of distinct 
vision were 8ensil)ly the same, whether the organ was in air or 
imnKirsiul in water. Those experiments were made upon tlie 
eyes of two or three kinds of fresh-wator fish and frogs. He did 
not extend them to the eyes of aquatic birds and mammals, bat 
instances the similarity of structure with tho eyes of fish as a proof I 
that tlie same principle prevails in both cases. The paper was pn;- | 
sent(Ml to Uiu Helgiau Academy. I 

The Polynesians and their Migrations, — M. Quatrefages hasjost | 
publish«^d a book on this subject. His conclusions are these: 
"Tlie Polynesians were not created on tho spot, nor are they the 
last remains of pre-existing populations. Voluntary migrations 
have brought them into the archipelago of Oceanica. From their 
typo, we iiiay gather their origin ; it is to be found in the Asiatic 
archipelago. In some of these migrations, they would fall in 
with some families of the black race, who might have been ca^ ' 
away on the same islands by the clKinces of the sea. He consid- I 
ers that none of these migrations are of a date anterior to the first I 
Olympiad ; and the great majority occurred about tho commence- 
ment of our epoch." 

Preservation of^ Zodlogical Specimens with their Natural Colors. — 
lir. A. E. Verrill thus writes to ** Silliraan's Journal " : ** Star- 
'hes may be dried, so ;\,s U> xeXsCvcv xXv^Sx xi-aXxsct-aX molars almost 
impaired, by iuwaeYaYW?; l\ie\xi Vxi aJiwAv^ o.^ \s^v*^<iXTiX». <3Svx<«^&s^ 
r about a minute, or iuax. \oii^ ©^ow^ ^ft ^«a«!«^>j Xiaft.>4&^7a^ 
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« produce oonfaraction of the tissaes, and afterward drying them 
i^r rapidly by artificial heat. The drying is best effected by placing 
c; them upon an open cloth stretched tightly upon a frame, and sup- 
^ ported a few feet above a stove. Care should be taken not to 
gp raise the heat too high, as the green shades change to red at a 
,Mr temperature near that of boiling water. By this process I have 
p succeeded in preserving the delicate shades of red, purple, and 
;j orange, of the species found on the coast of New £ngland, speci- 
r mens of which are in the Museum of Yale College. The same 
|. process is equally applicable to Echini and Crustacea.^ 
i SUkfrom Eggs of Fish, — A French savant has lately discovered 

that certain fish contain eggs enveloped in veritable silk cocoons. 

£aoh e^g measures thirty-five centimetres long by thirteen broad, 

and weighs two hundred and forty grammes, and is covered with 
^ cdll^ filaments, which may be employed in weaving. 

The Little Folks of Africa, — The small people of Equatorial 
J Africa, recently discovered by Du Chaillu, about 1° and 2° south 
; latitude and 12^ east longitude, are described as of migratory 
*. habits, and as changing their temporary shelter under trees from 
^ one place to another. While the inhabitants of tiiis mountain 

region are lighter in color than those of the sea-shore, these 
? Obongo are still less dark. They have only short tufts of hair 
^ upon their heads, and are thus strikingly distinguished from the 
"^ settled inhabitants, who wear large turrets of hair upon their 
^ heads. '* The following are the measurements I was enabled to 
^ make : The only adult male measured four feet and six inches, 
^ but as one T)f the women reached five feet and one quarter of an 
* inch (she being extraordinarily tall), I have no doubt some of the 
^ men are equally tall, and some perhaps taller. The other women 
■ I measured had the following height : four feet one inch, four 
^- feet seven and one-quarter inches, four feet feet five inches, and 
^ the smallest, four feet and one-quarter of an inch.^ 

^ PALJBONTOLOGICAL STJMMAKT. 

Oigcmtic Dinosaurian in the Cretaceous of New Jersey, — E. D. 

4 Cope exhibited the remains of a gigantic extinct Dinosaurian from 

f the cretaceous green sand of New Jersey, viz., portions of the 

u> under jaw with teeth, of the scapular arch, including supposed 

^ clavicles, two humeri, left femur, right tibia and fibula, numerous 

^ phalanges, lumbar, sacral, and caudal vertebras, and numerous 

^. undetermined fragments. Remains were found about two miles 

■* south of Bamesboro,* Gloucester County, N. J. The bones were 

' ^ taken from about twenty feet below the surface in the top of the 

** " chocolate " bed, which immediately underlies the green stratum, 

^ which is of such value as manure. 



^ 



The discovery of this animal fills a hiatus in the cretaceous 
fauna, revealing the carnivorous enemy of the great herbivorous 
Hadrosaurus, as the Dinodon was related to the Trachodon of the 
Nebraska beds, and the Megalosaurua to tk^ l^waxjiG^wiL vjjl >^s>ife 
EuropeaD Wealden and Oolite. In size tkVa ct^^Xxxt'^ ^^050^^^^^^ 
MegalosauroB, and with it and Dixu>doiL eoxk^VuXi^^ ^^ \aR>f&^ v2it- 

28 
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mUlable type of npadoua terrestrial vertebrates of wUdi we km 
any knowlcd^. in its dentition and ho^ prehensOe dam I 
n^M4>.nil>1ed clowly Megalosaurus ; but the ^mur, resembling in ib 
pmxinial n^^i^ns more nearly that of tho I^uanodon, IndiGsiedAe 
prulialilo exUtonoc of other equally important differences, uidiu 
pi'itainin^ to another genus. He proposed the name of Xo^pi 
aquilunguia, — Proe, AmL, Nat, /Set., Philad,^ 1866. 

DUcwtry of a Mcatodon at Cohoes^ H, Y. — Daring some reenk 
ext^ivations (September, 1866) made by the Harmony Millfl (K 
Colioes (about one thousand feet beIoi¥ Cohoes FaUs), a nomber 
of pot holes were discovered in an ancient bed of the Mohawk 
River, one of which contained the low^er jaw of a mastodon imbed- 
ded in peat and drift wood. These pot holes are worn in the Hod- 
son River shale, about a hundred feet above the present bed of the 
Mohawk, and about a mile from where it enters the Hudson. The 
one containing the remains was about two hundred and fifty feet 
from the south bank of the Mohawk. The jaw, which was in u 
excellent state of preservation, measured about twenty-eight 
inches in length and twenty-two in breadth between the condyles: 
on the right side there was one molar, and on the left two, one of 
which was four inches and the other six and one-hidf indies h 
length. A considerable portion of the skeleton has been found, ii 
a good state of preservation, and evidently belongs to tiie commoi 
mastodon of North America. The imperfect ossification of the 
epiphyses shows that the animal was comparatively young, thoagh 
a foniale. Tho pit in which the remains were found was abwit 
foity feet deep ; the arrangement of the materials showed that 
they had been deposited rapidly, and a part of a beaver dam, found 
near tho bottom, would indicate that the whole had been swept in 
bv a freshet. No other animal remains were found except tiiose 
already mentioned, although the " beaver sticks '' probably indi- 
cate one contemporary of the mastodon. 

Ichthyoaaurian Skin. — A specimen of the Z tenuirosfrU, re- 
cently obtained at Barrow-on-Soar, shows a large extension of the 
dermal covering upon the surface of the slab, seeming to indicate ^ 
that the animal had a prominent ridge along the dorsal region, | 
similiir in appearance to that which the males of the pond-nevt 
(^Triton crtstaius) present in the spring. 

New Fossil Reptile. — M. D'Archiac has recently described, !»• 
fore the French Academy of Sciences, a new fossil reptile found 
by M. Frossard in the bituminous schist near Autun, Saone et 
iJoire. There were found with these remains some fish, coprolites, I 
and plants, at a depth of two metres below a quaternary deposit, I 
in a stratum five to six metres thick, two and a half of which are I 
now worked for the manufacture of mineral oil. The new reptile \ 
belongs to Prof. Owen's Ganocephali, strange vertebrates, with j 
ill-deuned characters, aiiparently repi*esenting the embryo age of I 
reptiles, just as the Ganoids, with incompletely ossified vertebrse. I 
represent the embryo age of fishes. The new fossil has been calleii I 
-Actinodon, I 

IHnosaurian RM)tile from tlie StroTntocrg M.o\Maa\.-n»^ ^<i^ A^tms^..- ^ 
Prof. T. H. Huxley exyuVAXfe^L \JELev «.^ci\m«o.\ft>St^'e.<^K<5,s^^NeBs6^^^ 
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de^, in November, 1866. It is a portion of a right femur, twen- 
ty-nve and a half inches long, so that the entire bone may be safely 
assumed to have exceeded thirty inches in length. The peculiar 
form of the bone, and the characters and position of the trochanters, 
leave no doubt of the Dinosaurian afiinides of the reptile to which 
it belonged, which must have been comparable in point of size to 
its near allies, the Megalosaurus and the Iguanodon. To the 
former of these it possesses the closest afi&nity, but differs in the 

Eroportional size and form of its trochanters, and in its much 
eavier proportions ; and the author proposes for it the name of 
Muskdosaurus Brovonii. 

Anthrakerpeton, a New Fossil ReptUe, — Prof. Owen has described 
a new fossil reptile, under the above name, from the coal beds of 
Lilantiissent, Glamorganshire, Wales, from the lower part of the 
•* middle," if not from the upper of the "lower" coal measures. 
It is intermediate in size between Baphetes and Dendrerpeton ; 
the ribs are longer than in any known Labyrinthodont, and with 
the bones of the limbs indicate that the animal belonged to that 
low air-breathing type which, with developmental condition of the 
bones like those in some fishes, and very common in Devonian, 
showed forms of the skeleton more like those in Saurian reptiles 
than in the modem air-breathing Batrachians. — Reader, Jan. 7, *6d 
New Dinosaurian, — A new dinosaurian has been found in the 
Wealden Formation, Isle of Wight, by Rev. W. Fox. The ani- 
mal, for which Prof. Owen has proposed the name of Polyacanthus, 
was over 6 feet long from the shoulder to the rump, had a massive 
tail 5 feet long, legs about 4 feet lon^, and a broad short foot. 
It had a bony armor of plates ^ an inch to 4 inches broad and i 
inch thick, excepting along the back, over which there was a 
great bony shield ; and along the sides of the body and tail there 
were spine-like bones, some of which are 15 inches long and 
weigh 7 pounds. 

Archceopteryx. — On one of the two slabs from Solenhofen con- 
taining remains of the Archseopteryx, thei^e is a " crescent shaped 
Srotuberance, which is pronounced by Mr. Evans to have been 
ue to the remains of the cranium of the Archseopteryx, and even 
the form of the brain cavity and position of the brain, -~ both orni- 
thic in character, — are supposed to be made out." 

Quadruped Birds, — In a supplementary volume to Prof. Hitch- 
cock's Work ** On the Ichnology of the Connecticut Valley," fur- 
ther considerations kre adduced in favor of the bird-like and quad- 
rupedal character of the foot-marks. Reptilian birds and bird- 
like reptiles will probably be discovered, filling out the class 
Sauromiaj lately proposed by Mr. Seely for the Pterodactyles. 
Evidence is now accumulating of many links between the reptile 
and the bird, already considered as most closely related. We 
have a bird with teeth, and a long tail and hooks on its wings in 
the Archceopteryx; we have a reptile with wings and probably 

Slumage in the Pterodactyle ; and now it appears, from the evi- 
ence of the Connecticut sandstones, that t,Vv«t^ OTvsXa^ ^qcw^.^ 
four-footed birds, the wings proba\Ay T^tovi^ji^ V\>ici. l^^v«^^^ 
extremities, also possessing tsuls, aad qo^^y^^ mV^Kil^'dS^ 
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CLTMBINQ FLANTS. BY GHABL£S DABWDT. 

•* Plants become climbers in order to reach the light, aod ex- 
pose a lar^c surface of leaves to its action and that of the free air. 
Tlu^ir udvautaj^e is, that they do it with wonderfully little expendi- 
tun? of organized matter in comparison with trees, which huve to 
sin)i)<>rt a heavy load of branches by a massive trunk. Of the 
ditli'nmt sorts of climbers, hook-cIiml>er8 are the least efficient, at 
least in t(inii)Grato climates, as they climb only in the midst of an 
ont:in^le<l mass of vegetation, f^ext are root-climbers, which 
are adminibly adapted to ascend naked faces of rock ; hot when 
they climb trees, they must keep much in the shade, and follow 
tliu trunk, for their rootlets can adhere only by long-continiied 
and eloHC contact with a steady surface. Third, spiral-twinen, 
with leaf-climbers and tendril-beiarers, which agree in their power 
of spontaneously revolving and of grasping objects which they 
rcadi, are the most numerous in kinds, and most perfect in mecb- 
anism ; they can easily pass from branch to branch, and secorely 
ramble over a wide and sun-lit surface." . . . "Why hare 
nearly all the plants in so many aboriginally twining groups been 
converted into leaf-climbers or tendril-bearers P Of what advan- 
tage could this have been to them ? Why did they not remain 
simple twiners P We can see several reasons. It might be an 
advanUige to a plant to acquire a thicker stem, with short inter- 
nodes, Ixiaring many or large leaves ; and such stems are iU-fitted 
for twining. Any one who will look, during windy weather at 
twining plants, will see that they are easily blown from their sup- 
port; not so with tendril-bearers or leaf-climbers, for they quickly 
and lirmly grasp their support by a much more efficient kind of 
movement. . . . From possessing the power of movement 
or contact, a tendril can be made very long and thin ; so that 
little organic matter is expended in their development, and yeta 
wide cucle is swept." — Journal of Linnasan Society, 1866. 

VEGETABLE PARASITES OF MAJN^. 

At a recent meeting of the Quekett Microscopical Society, t 
paper was read by Dr. Tilbury Fox, on the ** Vegetable Para- 
sitism of Living Beings," of no little interest, as bearing upon the 
•• blue mist" question raised by Mr. Glaishet. It has been sug- 
gested tliat the blue mist may be due to the presence in t& 
atmosphere of the spores of low forms of vegetiible life. Dr. 
Fox's paper embraced an account of the life and influence rf 
minute fungi in general ; showed that the presence of cell-stnl^ 
tures was to bo expected in all situations to w^hich the air hu 
access, their discoveiy hitherto having been delayed by tiie 
absence of observation and the want ot a sufficiently high-pow- 
ered microscope. They are especially prevalent at such seasons 
as the X)rc8iiut, m nn\\\g\l xxj^sxa «w\v^ TS!i:W<is^^ VojN^i. a^bounded. 
These germs are \eY^ Wy^^ciV, ?c\v^ ceww>j»2k ^i•A»\-Q ^^bS\R,^\s^s5sss,^v 
from place to pVacti. TY^e^ ^^^mYiQ\.QTiVj \o\^Vv^>ais^^Nsv^>,jK^^ssft.\ 
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sible to the external air, but also deep in the tissnes of living 
things, being carried inwards bodily by the growing tissaea« in 
the same way that particles of charcoal get into the interior of the 
intestinal vessels running to the liver. In ordinary ** ring-worm," 
the fungi which are the cause of the disease, according to Dr. Fox, 
g^t into the hair follicle, reach the root, and are earned up by the 
growing shaft into the body oi the hair. In like way, rusts effect 
an entrance within the leaves of ^rown-up plants, but at a very 
early date, through the first cotyledonous leaves. We are led to 
suppose that the entrance of nuldews and rusts is oftentimes at a 
Tery early date, and that the germs lie dormant, often for a loi!g 
time, till the favorable opportunity arrives for their development. 
Fungi never appear to nourish on healthy surfaces, but always 
on those which belong to devitalized beings, and only constitute 
disease when they are developed to an excessive amount. The 
author entered into the question of the polymorphism of fungi, and 
the effects they produce in disease^ showing that these are chemi- 
ical, mechanical, and vital. After speaking especially of ring- 
worm, he concluded — and this is the interesting point in reference 
to the '*blue mist" — that the prevalence in undue amount of 
microscopic fungi is always coincident with that of epidemic dis- 
. eases ; that the two could not be regarded as cause and effect, but 
were both helped out by the same influence. Whatever debilitates 
. man renders him more liable to epidemic disease, and whatever 
\ induces an unhealthy state of vegetation favors the rapid devel- 
opment upon it of ftingi such as constitute rusts, moulds, and 
' mildews ; but these do not seem to be capable of producing any- 
thing like epidemic poison, which is probably not vegetable m 
nature. The existence, then, of the ** blue mist," supposing it to 
be due to vegetable germs, can only be looked upon as a coinci- 
dence as far as cholera is concerned. — Bectder, 1866. 

m WHAT PABTS OF PLANTS THE POTASH BESIDES. 

On this subject some curious chemico-agriculttfral inquiries have 
recently been reported to the French Academy by Mr. Isidore 
Pierre. The object of this savant^s researches was to discover 
in what parts of cereal plants, and during what seasons, potash is 
most abundant. In carrying out his investigations, the greatest 
<»re was taken to insure the examination of the corresponding 
parts of several specimens of com. The plants were analyzed 
before flowering, m bloom, and in the fruit-tiime. From a ^at 
number of expenments the author draws the following conclusions : 
1. That in the various parts of the plant (leaves, noaes, and inter- 
nodes), the proportion of potash increases in a well-marked man- 
ner as we pass from the lower to the upper parts. 2. That in 
Sarts of the same name and position this proportion tends to 
iminish as the plant advances towards the period of ripening. 
Sometimes this diminution is much less marked in the leaves than 
in the nodes and intemodes. It seems thati '^Qi^»&Vv^la^X&^^^ 
' more important part in the life of plantBthttn w>^«b «8\\&\\S!lW^O^ 
is seen that the former predominate lax ^o«a'aM\»»'«>c^^^^^^*'^* 
27* 
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generally fonnd most abandant in the slructu res which are eaifi- 
eet developed, and whose office is rather temporary, or, at leui, 
of secondary importance. From these facts, it will be seen thit 
the adversaries of the employment of common salt as a manure 
have a new argument in their favor, so far as relates to the colti- 
vation of com. The nodes of cereals contain an enonnoos qnin- 
tity of potash, more than 4.6 per cent, of their entire weight, and 
nearly naif that of thehr ashes. 

THE YINEGAB PLANT. 

The term Tlnegar Plant is applied to a tough, leathery forma- 
tion, which ander certain circumstances makes its appearance in 
saccharine solutions, undergoing the acetous fermentation, h is, 
no doubt, essentially the same ^ant as that which occurs in a leas 
compact form in the French vinepur vats, and which encrusts the 
brush-twigs or shavings used in the Grerman process. 

Vinegar plants are frequently employed in domestic economy, 
for the manufacture of vinegar ; and a well-gfrown specimen bean 
considerable resemblance to a piece of buckskin leather that has 
been soaked in water. If a young vinegar plant is placed in a vessd 
containing half a gallon of brown sugar and water, to which a 
litUe treacle may be added, and is kept in a dark, warm place, it 
grows rapidly, chiefly by accession to its lower surface, and it ex- 
tends laterally until it reaches the sides of the vessel, the form of 
which it assumes. In a month or six weeks, the saccharine solor 
tion will be converted into strong, well-flavored vinegar. The 
plant is then removed, and the vinegar is boiled to kill the spores 
It contains. 

At tlie close of this process of vinegar-making, the plant will be 
found to have increased greatly in thickness, and toe under or 
newly-formed portions will be of a softer and looser texture than 
the upper layers. In this condition the plant is readily divided by 
horizontal splitting into two or more layers, one of which, u 
placed in a fresh solution, will soon excite the vinegar fermenta- 
tion, and increase in bulk, whUe the acetic acid is beings formed. 
— Microscopic Quarterly j April, 1865. 

• 

THE EUCALYPTUS. 

The Eucalyptus of Australia, recently introduced into the " Jar- k 
din d^ Acclimation ^^ of Alters, will become of much importance I 
in the French colonies of Alters. ' 

In less than three ^ears it has attained a height of ten * * metres,^ I 
whilst in Australia it often reaches that of one hundred and Gyb I 
'* metres*^ and above, and its diameter, at one '* metre ^ from the 
ground, is about seven *' metres" and more. The boards made 
out of it are without any imperfection, and their length is of abont 
'xty «• metres." The wood, which is very hard, and of a density 

perior to that o£ oak, \a 'woxVLfe^^\>i5a. ^<iAX.S»is^^^ ^\vaii it is yet 

Ben, As it is o£ dYKet^Tit »>aaA^^, «>»^ ^w^ ^a^^ ^\srasS£s^ 

IWi, it Ib of grea^ xiae Vn oaXiVas^^^^^- 
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r The. astringent gum, known by the name of " kina,^ is obtained 
c by an incision in the bark of this tree. The flowers are white and 
balsamic, and are much liked by the bees. The £uca1yptus is 
■i tap-rooted ; that is to say, its roots penetrate vertically mto the 
i- ground. It is an evergreen, and the leaves resemble those of the 
V. murel. When the tree has already the height ojf about fortv 
<« metres," the lateral branches develop themselves in a way which 
is really extraordinary. Some of them measure about thirty 
" metres ^ in length. Imagine a tree higher than one hundred 
** metres," the top of which has a circumference of nearly two 
hundred '* metres," as large as the roof of a church. The s^ed of 
the Eucalyptus is very small, and looks like tobacco-seed. Its 
lateral branches are very numerous, and closely collected around 
the principal stem. 

BOTANY OF BBAZIL. 

The following facts are from notes taken of Prof. Agassiz's leo- 
tnres before the Lowell Institute, Boston, Mass., in October, 1866, 
£rQm his personal examination in Brazil : — 

In speaking of the extraordinarily profuse vegetation of the 
Talley of the Amazon, Professor Agassiz said it covered the whole 
surface of the land, and encroached upon the water. Indeed, the 
quantity of water plants is as remarkable as that of terrestnal 
plants. The density of the land vegetation is so great that the 
only means of traversing the country is by the water courses, and, 
when the traveller leaves these, he must cut his way with the axe ; 
so that, however civilization may extend here, there can never be 
any extensive land communication, on account of the great 
expenditure which would be required for bridges. 

Words cannot express the vanety, beautv, and combinations of 
this vegetation. One of its most striking characteristics is its het- 
erogeneity. There are not simply a lew kinds found together, 
presenting sameness and monotony, as at the north. On tSe con- 
trary, there are hardly ever two trees of the same kind, or two 
plants of the same species, found side by side. The trees do not 
stand alone, in open spaces, but are clothed and interlaced with 
vines, creepers, and parasites, hard to penetrate. This character 
of the vegetation extends over the whole basin. In the lakes the 
aquatic plants grow so thickly that- the traveller, threading his 
way among them with a boat, sails for miles without seeing either 
water or earth. • 

He observed that the most prominent feature of tiie Amazonian 
vegetation is the presence of innumerable palms, in the form of 
trees, bushes, and creepers. We look in vain for pines, maples, 
oaks, willow, and other trees familiar to us in the United States. 
The aspect of vegetation, the character of the trees, and their 
combinations, change as we travel. Of the palms, one variety 
rises to the height of one hundred feet before sending out its 
leaves, which crown its top like a dome. Another variety sends 
out its leaves immediately from the root. The flowers w\d€TOsfe 
of the palms also vary. Some of thembewiiiaXa ol^^^x^2s»x V*- 
€>tbezsberneB, and the fruit of Bome oi \^<sni «0QCO\i\^ "cam 
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peaches, cherries, and p«pefi. Bach region pirodiioes itB peeoEir 
miit. Tho leaves of some of the species were so large, that he hid 
seen two men sitting in the axil of one of them. Some of to 
leaves measure thirty to forty feet in length, and ten to fifteen iset 
in width ; and even when diiy one of them was a heavy ksd fi 
one man to drag. 

In examining the groond of the diversify of the palms, be nil 
he had fonnd it to rest on the arrangement of the leavei. Ths 
resalt of the investigation of this arrangement was the dieoofoy 
that the leaves occupy as much space as possible, and thereby get 
as muph of the surrounding influences as it is possible for them to 
obtain. All palms might oe divided into two groups, those hi^ 
ing fan-shaped leaves, and those having pinnate or featfaer^hiped 
leaves. It nad been his study to ascertain which of these wis tin 
lower and which the hiffher order. Observing that the letvei 
first germinating were lan-shaped, and that the youngest palms 
bore Tan-shaped leaves, and considering that the younger pahn is 
inferior to the adult, he had no doubt that the fan-leavea pahns 
were the lower order, and were the first to appear upon the eaitiL 
This was an important fact to be known in the investigBtkm of 
fossils, and in comparing the embryonic with tiie later conditbni. 

Passing to other families of plants, he said there were other rep- 
resentatives quite as abundant as the palms. One of the mort 
surprising features of the vegetation were the innumerable o^ 
chiu89, growing as parasites upon other plants, tvdning around 
tlicm, or hanging from them, in great yariety of colors. Nearest 
akin to tlicso were the various species of the banana family. Of 
plants allied to our own trees there were none. There was not a 
single representative of the catkin family, except a small willow 
growing m the mud-flats of the Amazon . Of the herbaceous plants 
found in our latitude, such as the ranunculus and the mustard- 
plant, there were no repiresentatives. The pepper family had no- 
merous representatives, some growing to stately trees. There 
were also numerous trees of the genus Laurus, such as sassafras, 
camphor, and cinnamon. I 

lie called attention to a Yorv peculiar feature of Brazilian veg- ? 
etation, namely, the stately forms of plants which with us are 
but humble plants. These also have a marvellous diversity of 
foliage and beauty of flowers. The papilionaceous plants have a 
diversity of which our plants give us no idea. Another peculiar 
feature, is that plants widely differing from our own have uses l 
similar to those of other families at me north, bearing fruits re- | 
sembling nuts, peaches, and plums of northern growth. There is , 
also an extraordinary diversity of timber and wood suitable for { 
cabinet work, delicious fruits, and great wealth of medicinal plants 
and dyewoods. 

BOTANICAL SUIOIABT. 

8and FoodrPlard of Sonwa. — Tinc.'Yatx^^V^A ^R^Rse^^F^ "vsiL 
ured in the ciehtih. 'voVwEOft oi VJfta " Kxsxi'^^ ^s. ^Qaa Vra^aeoaa.^ 
tliral History.^ Ijlew YoA,>iii«^'AmwwAyrormfl. ftw«rr«,,«^ ^^s»«^ 
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dinary rootrpainsitlo plant, of the region at the head of the Gulf 
of Giuifomia. It had been briefly noticed before as a new genas, 
allied to the rare Mexican CoraUophyUum (Eunth), or Lennoa 
nLiOxarza), and to the little-known Calif ornian Pholisma (Nuttal). 
These strange plants, though justly regarded rather Monotro- 
paceous than Orobanchaceous, are still obscure. Growing in a 
sandy desert, almost covered by the sand in which it lies, this 
plant was found by its' discoverer. Col. A. B. Gray, to form a con- 
siderable part of the sustenance of the Papigos Indians. It is said 
to be veiy luscious when first gathered and cooked, resembling in 
taste the sweet potato, but far more delicate. 

Absorption of Carbonic Acid by JPUmts, — M. Boussingault has 
recently made some experiments, reported in vol. Ix., ** Comptes 
Rendus,^^ on the absorption and assimilation of carbonic acid by 
leaves exposed to sun-light. His results are as follows : 1. Leaves 
exposed to the sun in pure carbonic acid do not decompose this 
gas, or, if they do, it is with extreme slowness. 2. Leaves ex- 
posed in a mixture of carbonic acid and atmospheric air rapidly 
decompose the former gas ; oxygen does not seem to interfere in 
the phenomenon. 3. Carbonic acid is rapidly decomposed by 
leaves when that gas is mixed with either hydrogen or nitrogen. 
The author has pointed out some analo^es of these phenomena to 
the slow combustion of phosphorus under certain circumstances ; 
thus, phosphorus placed in pure oxygen does not become lumin- 
ous, and does not bum, or, if it does, bums with excessive slow- 
ness ; in. a mixture of oxygen and atmospheric air, it bums rapidly ; 
it also bums when placed in oxygen mixed with hydrogen, nitro- 
gen, or carbonic acid. Phosphorus, which does not bum in pure 
oxygen at an ordina^ pressure, becomes combustible when the 
gas IS rarefied ; and M. Boussingault found that, similarly, a leaf 
placed in rarefied pure cai*bonio acid decomposed the gas and 
evolved oxygen. See also vol. Ixi., ** Comptes Rendus," for a con- 
tinuation of his experiments. 

. The Oigantic Sequoia, — M. De Candolle, President of the Lon- 
don International Horticultural Exhibition, held in May, 1866, an- 
nounced that a recent very exact measurement had been made of 
tiie diameter of the trunk of one of the gigantic Sequoias of Cali- 
fornia. The tree was the base of the ** Old Maid,^^ the stump of 
which now serves as a dancing floors the measurement was made 
by Mr. De La Rue and his assistant, on a slip of ]paper stretched 
across the whole diameter of the section (26 feet 5 inches, at 6 feet 
from the ground), and the rings were carefully counted and marked 
on the slip, — on one semi-diameter 1,223, on the other 1245 ; the 
mean 1,234, — making the tree about 1,225 years old. 

Rotting of Fruits, — M. C. Davaine has presented to the French 
Academy of Sciences a note on the ** Rotting of Fruits," in which 
he states that the natural rotting of fruits is ordinarily due to the 
development of the microscopic fungi, Mucor mucedo and Penv' 
cUlum akmcum. The thicker the epidermis of a fruit, the longer 
it will keep. The author points out the diS^t^tkR^ vck >i5afc y^'^^'^^l 
of the change under the influence of the twolvtti^\ \toX. Y^wis^^?*^ 
bj Muccr being much more rapid than tkafc aeA. xsg V^l Pcav»»M 
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Temperature at which Planie Oerminaie. — According to AlpLDe 
Candullti, in tho "Proceedings of the Soci6t6 Helvetiqae des ScL 
Nat./* 18C6, wiiite mustard seed will^erminate below 93P F.; 
Trifolium repens at a little above 42^ F. ; Indian com tiX^t^ 
but not below 42^ F. ; sesamum at 56.4^ F. ; melon seed atfiS^F. 
Seeds will not germinate above certfun temperatures, varying whli 
their species and tlio amount of moisture present; thus tiie greater 
pait or some T. repens seed did not germinate above 83^ F. ThiB, 
seedd onl^ germinate between certain limits of temperatare, ud 
those winch can only do so within narrow limits are least able to 
extend themselves geographically. 

The Change of Leaves. — The cause of the beautiful tints wldck 
our foliage assumes during the autumnal months has long beea 
a subject of investigation, and many are the hypotheses that htve 
been put forth in explanation. 

M. Fr6mv, who has devoted considerable attention to this sob- 
Jeot, stated, as the result of a series of experiments, that he hid 
succeeded in resolving the green colorins^ matter of the leaf 
(chlorophyll) into two components ; one, a yellowish substance, he 
called phyUoxanthirit the other, a blue matter, for which he pro- 
posed the name phylloeyanin. By considering^ the blue as moce 
evanescent, the oiflferent shades of yellow leaves might be pro* 
duced. 

These views were very ^nerally accepted, till recently Frfcmy 
has again appeared, essentially retracting his original views. He 
now gives, as the result of subsequent experiments, the new sap- 
poHilion that chlorophyll is a simple green coloring matter Terr 
unfixed, b(>ing inlluenced by vegetation, thus passing throngii 
varied modifications. 

M. Carey Lea, of Philadelphia, has lately advanced a theory in ' 
which he considers light as the primary cause, producing photo- 
gr:i]>hic changes of color. 

During the healthy state of the leaf, vitality counteracts this 
influence, but as the fall approaches the frost begins its work; 
the petioles dry up, the leaf gradually loses its firm hold upon the i 
branch, then the action of light, no longer held in check by the I 
vital principle, predominates, the leaf falls away, but in fadinij 
acquires those brilliaut hues that variegate our forests. — Scientific 
American. 

The Giant Radish of Java. — The Raphamu caudatusj the giant 
radish of Java, where it is known as Mougri, has been recently • 
introduced into England, and is found to thrive extremely well in | 
common gardens, tlie seeds germinating easily, and the plants 
producing a profusion of blossom in about eight weeks, the plant I 
often making a growth of five or six inches in twenty-four hours. • 
The root is not eaten, only the pods, which often attjiin a length I 
of three feet. The plants should be tied upright, as they produce | 
from fifteen to twenty pods each, growing in fantastic and irreg- 
•lar shapes. Eaten raw, the Raphanus has much the flavor of the 

ost delicate xadiah, ou^ Va ^i ^<i«X. «A^^\atv \ft -%. ^aXaji., When 

►iled.it should be aeTve^\xvo^«•^^^^t^'^?*^;^^«^"?°«'^^^ 
^mble8 in flavor, Wt vjVxX. ^^^^^^^^J^ ^^ ^«:^^^S«^ 
jeas added. The pods a\^ ib»Nl^ ^ ^j^^l^vs^^. 
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.H Saurees of Tktine. — The Kola-nnt of tropical West Africa, the 
^ seeds of which have from time immemorial been highly prized as 
■n a tonic by the natives of that region, have lately been shown by 
■Iq Mr. Daniell and Dr. Attfield, in two papers reaa by them before 
tiie Pharmaceutical Society, to contain theine. The Kola-tree 
((7o2a acumnoto,. Robert Brown), also known by the name Bter* 
eulia acuminata, belongs to the natural order Sterctdiaceas. In 
Soudan its seeds are called ' * guru-nuts.^* It is the fifth source of 
'J, the alkaloid theine or caffeine with which we are at present ao- 
qoal^ted. The others are the tea-tree Thea, the coffee-tree Cof- 
fea Arabica, the Paraguay tree or mat6 Ilex Paraguayensis, and 
^arana FauUima sorbuis. The seeds of the latter are extensively 
used in Brazil for the preparation of a sort of cocoa. It has often 
been remarked that theine is contained in the beverages in use 
amon^ three-fourths of the human race. The discovery of this 
alkaloid in the kola-nut, which is mentioned by all African travel- 
lers as being an important article of commerce, still further con- 
firms the truth of this remark. 

Number of Useful Plants. — •• Cosmos ^ states that, according 
to a German author, the number of useful plants has risen to 
about 12,000 ; but it must be remembered that these researches 
have been completed only, in certain parts of the earth. There 
are no less than 2,500 known economic plants, among which are 
reckoned 1,100 edible fruits, berries, and seedsVdO cereals; 40 
uncultivated edible graminaceous seeds ; 23 of other families ; 260 
comestible rhizomes, roots and tubers ; 37 onions ; 420 vegetables 
and salads ; 40 palms ; 32 varieties of arrowroot ; 31 sugars ; 40 
saleps. Vinous drinks are obtained from 200 plants ; aromatics 
from 266. There are 50 substitutes for coffee ; 129 for tea. Tan« 
nin is present in 140 plants ; caoutchouc in 96 ; gutta-percha in 
7; resin and balsamic gums in 389; wax in 10; grease and 
essential oils in 330 ; 88 plants contain potash, soda, and iodine ; 
650 contain dyes; 47 soap; 250 fibres which serve for weaving; 
44 are used for paper-making ; 48 give materials for roofing ; 100 
are employed for hurdles and copses. In building, 740 are used ; 
and there are 615 known poisonous plants. Accordmg to £ndlicher» 
out of the 278 known natural families, 18 only seem, up to the 
present time, to be perfectly useless. 
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The fonowing cstalogne has been compiled expressly for fte 
** Scientific American,^ and embfraoes all the members of the solar 
ST9lem Imown np to Janoary 1, 1866, except those comets whose 
elliptical orbits bare not been well ascertained. Although Ameriet 
was late in the field c^ astronomical research, she has sharedwitb 
the old woiid the gloiy of some of the grandest discoyeries m 
astn>n<MnY. We can claim a new ring and satellite to the phnel 
8atam, eleyen planets, and upwards of twenty comets: — 

88d»7i. 



y«BM . . 



Juno 
Veet* 



Heb« . . 
Iris • • 
Flora • • 
Metis • • 
HygeU 
Parthenope 
Victoria • 
Egeria . • 
Irene . • 
Eanomia • 
Psyche . • 
Thetifl . . 
Melpomene 
Fortuna . 
Massilia • 
Lutetia . • 
Calliope 
Thalia . . 
Themis • 
^hocea • • 
Proserpine . 
Eaterpe • 
Bellona 
Amphitrite 
Trnia . . 
iphrosyne 
VBoiia • 
liijumia 



Tbo ■nnicMiti 



M 



J»« 






Piaua, at Ptalenno, Jaa., 1801, • 

Olbers, Breoien, March 28, 1803. . 

Hardinr, Gottinsen, Sept 1, 1804. 

Others, Bremen, l>ee. 29, 1807. . . 

Uencke, Driessen, March 8, 1845. • , 
" " July 1,1847. . , 

Hind, London, Aug. 13, 1847. • . . 
" " Oct. 18, 1847. . . , 

Graham, Ireland, April 25, 1848. 

DeGasparis, Naples, April 12, 1849. . 
" " May 11, 1850. . 

Hind, London, Sept 13, 1850. . • • 

DeGasparis, ^ples. Nor. 2, 1850. 

Hind, London, May 19, 1851. . • . 

DeGasparis, Naples, July 29, 1851. . 
" " Maroh 17, 1852. . 

R. Luther, BUk, Ger., AprU 17, 1852. 

Hind, London, June 24, 1852. • • • 

** " Aug. 22, 1852. . , 

DeGasparis, Naples, Sept 19, 1852. • 

Goldschmidt, Paris, Nov. 15, 1852. . 
Hind, London, Nov. 16, 1852. . . 
** " Deo. 15, 1852. . . . 
DeGasparis, Naples, April 5, 1853. 
Chaoomao, Marseilles, April 6, 1853. 
R. Luther, Bilk, March 5, 1853. . • 
Hind, London, March 8, 1853. . • • 
R. Luther, Bilk, May 1, 1854. . . 
Pogson, Oxford, Nov. 1, 1854. . . • 
Hind, London, July 22, 1854. . . . 
Ferguson, Washington, Sept. 1, 1854. 

C34i»oornao,'t«xva,QcX,*l&A^^- ^ • ' 
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Syrsdm 

3 yrs 8m 
SyrslOa 
6 yrs 

4 yrs 
6yrB 7 
Syrs 8 
4yr8 in 
3 yrs 7m 
4yr8 7m 
4yr8 Im 

3 yra 7m 
6 yrs 7m 

4 yrs 3m . 
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Name. 

Iieuoothea 

Aialantft. 

fides . 

I<eda 

Iiaetitia 

fiarmonla 

Daphne 

Xris . . 

Ariadiie 

Eagenm 
Thestub 
AglU . 
Doris • 



Tirginift 
S'emaosa 
JSaropa . 
CUypso . 
Alexandra 
Pandora 
Jdnemosyne 
Conoordia- 
Elpis 
Danae . 
Beho . 
Erato 
Aosonia 
Angelina 
CjTOle . 
Haia 
Ana . • 
Leto . • 
Henteria 
Niobe . 
Feronia 
Glytia . 
Oalatea . 
Saridioe 
Vreja, . 
Frigga . 
Diana . 
Burynome 
Sappho . 
Terpsiehore 
Alcmene 
Beatrioe 
Clio . . 
lo • • 
Jnpiter 
Satom • 
Uranos •• 
^Neptone 



Encke 
DeVitfD 



By wkom and wkm d u eooertd. Period ofreodhtMom* 

R. Lather, BUk, April 19, 1855 6 yrs 2 m 

Goldsehmidt, Paris, Oot 5, 1856 4 yrs 7 m 

R. Lather, Bilk, Oet 6, 1855 4 yrs 4 m 

Chaoornae, Paris, Jan. IS, 1856. 4 yrs 6 m 

« " f^b. 8, 1856. 4 yrs 7 m 

Goldsehmidt^ Paris, Maroh 1, 1856. • . . . 4 yrs 6 m 

" " May 22, 1856. 8 yrs 8 m 

Pogson, Oxford, May 23, 1856. 8 yrs 10 m 

« « April 15, 1857 8 yrs 2 m 

Goldsohmidt, Paris, May 27, 1857 SyrslO m 

« « Jane 28, 1857. . . .0. 4yrs6ai 

Pogson, Oxford, Ang. 16, 18JS7. 4 yrs 

R. Lather, Bilk, Sept 15, 1857 4yrsll m 

Goldsehmidt, Paris, Sept. 19, 1857 5 yrs 6 m 

" " ** '* 5 yrs 6 m 

Fergnson, Washington, Oct. 4, 1857. • • • • 4 yrs 4 m 

lAivent, Kismes, Fr., Jan. 2, 1858 3 yrs 8 m 

Goldschmidt, Paris, Feb. 4, 1858. . • • . . 6 yrs 6 m 

B. Lather, Bilk, April 4, 1858 4 yrs 3 m 

Goldschmidt^ Paris, SepL 11, 1858. . . . . 4 yrs 6 m 

Searle, Albany, Sept. 10, 1858 4 yrs 7 m 

R. Lather, BUk, Sept. 22, 1859 5 yrs 7 m 

« " March 24, 1860 4 yrs 5 m 

Ghaoomao, Paris, Sept. 12, 1860 4 yrs 6 m 

Goldschmidt^ Paris, Sept 9, 1860 5 yrs 2 m 

Fergnson, Washington, Sept. 14, 1860. ... 3 yrs 8 m 

Lesser, Berlin, SepL 14, 1860. . • . . . 5 yrs 6 m 

DeGasparis, Naples, Feb. 10, 1861 3 yrs 6 m 

Tempel, Marseilles, March 4, 1861 4 yrs 5 m 

«* " " 8, 186L . . . . 6 yrs 5 m 

H. P. Tattle, Cambridge, April 10, 1861. . • 4^ 4 m 

Pogson, Madras, Lad., April 17, 1861. ... 3 yrs 8 m 

R. Lather, Bilk^ AprU 29, 186L 4 yrs 7 m 

Sohiaparelli, Milan, April 29, 1861. . • . . 6 yrs 7 m 

R. Lathers, Bilk, Aag. 18, 1861 4 yrs 7 m 

Peters, Clinton, N. T., Jan. 29, 1862. . . . 4 yrs 6 m 

Tattle, Cambridge, April 7, 1862 4 yrs 4 m 

Tempel, Marseilles, Aag. 30, 1862. • • . . 4 yrs 7 m 

Peters, Clinton, Sept. 22, 1862 4 yrs 4 m 

D' Arrest, Copenhagen, Oot. 23, 1862. . • . 6 yrs 6 m 

Peters, Clinton, Nov. 12, 1862. ... • , « 4 yrs 5 m 

R. Lather, Bilk, March 15, 1863 4 yrs 3 m 

Watson, Ann Arbor, SepL 14, 1863 3 yrs 10 m 

Pogson, Madras, May 3, 1864 3 yrs 6 m 

Tempel, Marseilles, SepL 30, 1864 4 yrs 10 m 

R. Lather, Bilk, Nov. 27, 1864 4 yrs 7 m 

DeGasparis, Naples, April 26, 1865 3 yrs 9 m 

R. Lather, Bilk, Aag. 25, 1865. . ., . . . 3 yrs 7 m 

Peters, Clinton, SepL 19, 1B65 4 yrs 4 m 

The ancients. 11 yrs 9 m 

** 29 yrs 5 m 

W. Hersehel, Slough, March 13, 1781. . . . 84 yrs 10 m 
Galle, Beriin, SepL 23, 1846 164 yrs 8 m 



PERIODICAL COMETS. 

Pons, Marseilles, Nor. 26, 1818, 
DeVioo, Rome, Aug. 22, 1^44. 
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♦ TheoreHeany difloovered by Le Verrler and Adama iptVoT \ft ^S!&^ ^a** 
29 



sssr 



AKtajAj. or tcaamwfo viaooTEET. 



Amm. 




WilUMOlW • . 




BfforMD • . 




Btolft . . . 




D'Amii . 




Kj» . . 




TmUU . , , 




Piton • . , 




Hallej . . 




Fou • • . 




(Hkw . • , 




TmMm . , ,, 




PM«n . , , 




TM>biiU . . 




Brwnikor • 




Poofttt . . 





1 lo • • • 

1 Bvropa . . 

S OaoyiiMde . 

4 Oiliiio . • 



1 Mimas . 

3 Enoeladoi 
8 Tothys . 

4 DioD^ . 
6 Rhe» 

6 Titan 

T Hyperion 

8 Japotns 

1 Ariel . 
8 Umbriel 
8 Titania . 
4 Oberon • 



Kot named 

1 Bright Ring 
•2 Duaky «' 



By whom tmd 

Winneeke, Boon, Maroh 8, 1858. ftynfii 

Bronen, Kiel, Feb. 36, 1846. ftynfia 

BieU, Joiephatadt, Feb. 36, 1886. .... 6711 6b 

D'Arreei, Leipeio, Jane 37y 1851. SynSa 

Faye, Paris, Not. 33, 1843 Tynia 

~ " " . . BjiTi 

. . Uyila 
• • 76yiSn 
, . 7ftyi8B 
, . TSylla 
, . ISyUa 
, . 358^ 
, . 415JII 
. .Siiya 
. 18767B 



TutUe, Cambridge, Mam., Jwa. 4, 1858. 
Peteia, Oooatantuiople, Jane 36, 1846. 
. * • . • • 

Pons, Bianeillea, Jaly 30, 18 13. • . 
Olben, firemen, Mareh 36, 1816. 
Tattle, Oambridge, Jnly 18, 1863. 
Peten, Albany, N. T., July 35, 1857. 
Tttbbatt, Anstralia, May 13, 1861. 
Bremiker, Beriin, Oet 38, 1840. . . 
l>onaU, Floreaee, Jana 3, 1858. • • 



Moon • • • • The mioientt. 



. Galileo, Pkdms Jan. 7, 1610. 
tt (I t« li it 

a tt tt tt tt 

tt tt it 15^ M 



W. Henehel, Slough, Sept 17, 1789. 

" Ang. 38, 1789. 

Ganini, Paris, March, 1684. 
« « « it 



it 



tt 



n 



Deo. 33, 1671. 
Huygens, Hague, Mareh 25, 1655. 
G. P. Bond, (Abridge, Sept 16, 1848. 
Oassini, Paris, Oot 25, 1671. 

Uranut, 

Lassell, Liverpool, Sept 14, 1847. 

W. Hersohel, Slough, Jan. 18, 1790. 
tt tt tt tt 1787, 

tt « tt tt tt 

Ntptuiu, 
Lasaell, Liverpool, Oet 10, 1846. 

Ring* of Saturn, 

Galileo, Pisa, Nor. 12, 1610. 

G. P. Bond, Cambridge, Nov. 11, 1850. 



I 

In addition, have since been discovered : — Semele , by P. He^en, I 
Berlin, Jan. 4, 186C. Sylvia, by Mr. Pogson, May 16, 1866. 
Thisbe, by C. H. F. Peters, June 15, 1866, at Hamilton College. 
Antiope, by Luther, at Bilk, the 90th of the series ; and the 91st, 
'nnamed, since discovered at the Observatory at Marseilles. 

* C. W. Tattle, aaalBtaiit at \Jki^ CwiAnVak«ft Q»\aM$r««xo^ ^%«x «&!i»ttf«&^^tflBL 
interior dusky ring aa a Uuft ^y p^aw^o xL ^ ^X«^ ^^^oKAsan 
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COMPOSmOlf OF THE SUK. 

In a paper read before the Boyal Institute, March 17, 1865, bj 
Hfdfonr Stewart, the following conclusions, based chiefly upon 
eyidence afforded by photogn^hy, are given in relation to the 
oomposition of the snn. 

1. The existence of an atmosphere arbnnd the snn, ontside of 
its luminous envelope or photosphere. This is proved by the fact 
thai; photographs of the sun are less intense around me edges 
than m the middle, which is only to be explained on the supposi- 
tion that an absorptive atmosphere surrounds the sun, causing 
more loss of power to the rays from the sides which must pierce 
it obliquely, and thus pass through a great depth, than to those 
from the centre, which penetrate it by the direct and shortest road 
possible. 

2. That the "flames^ or brilliant protuberances seen around 
the edges of the moon, in a total eclipse of the sun, belong to the 
central orb and not to the satellite. This was proved conclusively 
by a series of photographs taken during the eclipse of 1860, by De 
Lia Rue and omers. In these, the flames are shown in the succes- 
mve pictures to have suffered gradual occultation, and to have 
been gradualljr exposed in like manner by the moving planet, 
thus clearly bein^ attached to or connected with the sun, ana not in 
any wise related to the moon. These flames, supposed to be in 
fact detached portions of the luminous envelope, or extensions ai 
the same into the solar atmosphere, above mentioned, were also 
ehown to possess remarkable actinic power, their shapes being 
more developed and better defined on the photograph than to the 
eye, and one invisible portion producing a distinct image on the 
sensitive film. 

8. That there are markings of a regular character over the solar 
disk, called, from their shape, willow-leaves, ripples, etc. These 
are distinctiv visible on some photographs by Mr. Nasmyth. 

4. That the spots in tiie sun are openings in its photosphere, 
through which its relatively dark mass is seen. This is fully dem- 
onstrated by the order in which the spot and its penumbra (the 
sloping sides of the opening) disappear as the luminary rotates. 

8TJK-SP0TS. 

The different views of astronomers in regard to sun-spots are 
well illustrated by the following opinions : — 

Mr. De La Rue and the Kew observers, after carefhl examina- 
tion of the pictures of sun-spots, as observed by the heliograph 
and from Mr. Carrington^s maps, have come to the following con- 
clusions: 1. Sun-spots are cavernous ; they lie below the general 
level of the sun^s luminous matter, and extend into tiie re^ons 
beneath it. 2. The faculss are portions of the sun^s lummous 
matter elevated above tiie general level of the photosphere ; and 
near the limb of the sun they appear relatively ViTl^V!AKt\3a».xv\SB.^ 
muToaadiag surface, because, on accoxxnt ot \3ck^\t ^^^"t^ ^«hj 
Hon, the light which they emit is lesa sob^ecX \a ^X^t^^^"^^ ^ 
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8un'» ntmoAphorc. 8. The sun^s luminous matter is of the natnre 
of c-loiid. 4. The formation of spots on the sun is, in some war, 
inl1ui'nc<Ml by the planet Venus. — Asi. Notices, 1865. 

lioforc the French Academy i;ras read a memoir on " An loe- 

aualilv of the Apparent Movement of the Solar Spots, caused br 
u'ir l)«'pth," by M. Faye. The writer concluded as follows: 1. 
The F))<its are not due to projections or clouds placed above the 
pliotoHpherc. 2. They cannot be fairly compared to superficial 
stnita. 3. They are apeitures occurring accidentally in a lom- 
inous envelope, whoso thickness, variable perhaps with latitade, 
ai)i>ears to be about from 0.005 to 0.009 of the sun^s radios. 4 
Many of the h'rcj^ularities apparently so capricious, obsenredfre- 
qii(>ntly by astronomers, ancf attributed either to a gyration analo- 
gous to our cyclones, or to a spontaneous tendency in the spots to 
8i'pai*ate from each other, or to tlio mutual influence of neigfabo^ 
ing s[x>ts, are explained simply, either by the new inequality or bj 
Uie continued variation of tlie proper movement from one jKirallel 
to apotliiir. 6. The astonishing reg^ularity observable in the 
movements of the spots during entire months seems incompatible 
with all hypotheses which place the photosphere under the abso- 
lute dependence of currents developed external to the son's 
nucleus. The pro^ssive retai-dation of the rotation of the pbo- 
tosphere in proportion as the poles are approached, is so regtdara 
phenomenon, and exerts itself through such an enonnoas deptii, 
that it cannot be due to superficial agents, such as the cyclones. 

The following is the i*cmarkable opinion and theory oi* Sir John 
Ilerschel with regard to the nature of those curious objects dis- 
covered by Mr. Nasmyth, on the surface of the sun, and generally 
CiUlod, from their peculiar shape, ** willow-leaves." We believe 
Sir Jolin llrst i)ropounded this theory in an article on the sun, pub- 
lished in ** Good Words ; " but it does not seem to have been noticed 
by many astronomers. However wild the hypothesis may appear, 
it li:is just received a further sanction from its eminent author, by 
its republication in his new book of ** Familiar Lectures." SSr 
John says : ** Nothing remains but to consiiider tliem [the so-called 
willow-leaves] as separate and independent sheets, flakes, or 
scales, having some sort of solidity. And tliese flakes, be they what 
tlu'v may, and whatever may be said about the dashino^ of met<?- 
oric stones into the sun's atmosphere, etc., are evidently the 
immediate sources of the solar light and heat by whatever mech- 
anism or whatever processes they may be enabled to develop, 
and, as it were, elaborate, these elements from the bosom of the 
non-luminous fluid in which they appear to float. Looked at in 
this point of view, we cannot refuse to re^rd them as organisms of 
some peculiar and amazing kind ; and though it would be too 
daring to speak of such organization as partaking of the nature 
of lifo, yet we do know that vital action is competent to develop 
both heat, li<^ht, and electricity." Strange and startling as is such 
an explanation, yet sciontilic 'men will remember that, when we 
knew as little about xVie vixvvxs'a o^ \\\*i XAarV Vvw^^ %e<i\sL in the spec- 
^tmi of the 8vm, as we wovj Vwovj vsXsowx. \\v&,^fc *^\i\>K^^&:c'K!c«R.^^ ^s^ 
he sun itself, Sir ;joUti \\eta«A\vi\ «Ax?®a«^ft^.*>=s^ v>5a.%^>csaa^ 
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explanation which was the foundation of the memorable law 
announced by the German philosopher, Kirchhoff, in 1859 ; a law 
now universally accepted as affording a perfect solution* to the 
long standing puzzle of Fraunhofer^s lines. — Header . 

BOLIDES. 

A bolide is a planet in miniature ; a small mass of matter, re- 
▼olving round the sun in a longer or shorter elliptical orbit, obey- 
ing the same laws and governed by the same forces as the greater 
planets. Now, suppose the orbit described by a bolide to cross 
the orbit of the earth, exactly as one road crosses another ; and, 
moreover, that the two travellers reach the point of junction or 
orossing at the very same time. A collision is the inevitable con- 
sequence. The bolide, which, in respect to size, is no moi-e than 
a pebble thrown against a railway tram, will strike the earth with- 
out her inhabitants experiencing, generally, the slightest shock. 
If individuals happen to be hit, the case will be different. If the 
earth arrive there a little before or after the bolide, but at a rela- 
tively trifling distance, she will attract it, cause it to quit its own 
orbit, dra^gme it after her, an obedient slave, to revolve around 
her until it falls to her surface. Or it may happen that the bolide 
mav pass too far away for the earth to drag it into her dutches, 
and yet near enough to make it swerve from its course. It may 
even enter our atmosphere, and yet make its escape. But, in the 
case of its entering the atmosphere, its friction against the air will 
oanse it to become luminous and hot, perhaps determining an ex- 
plosion. Such are the meteors whose appearance at enormous 
heights our newspapers record from time to time. 

Se it remarked that bolides are true planets, and not projectiles 
ahot out from mountains in the moon, as has been conjectured. A 
projectile coming from the moon would reach the earth with a 
Telocity of about seven miles per second. But the most sluggish 
bolide travels at the rate of nearly nineteen miles per second, fast 
f^oevB doing their six-and-thirty miles in the same short space of 
time. None of the inferior planets travel so rapidly as that. Mer- 
cury, the Bvriftest of them all, gets over only thirty miles per sec- 
ond. Mr. Tyndall states that this enormous speed is certainly 
competent to produce the effects ascribed to it. 

When a bolide, then, glances suflSciently close to our earth to 
pass through our atmosphere, the resulting friction makes its sur- 
face red hot, and so renders it visible to us. The sudden rise of 
temperature modifies its structure. The unequal expansion causes 
it to explode with a report which is audible. If the entire m^s 
does not burst, it at least throws off splinters and fragments. The 
effect is the same as that produced by pouring boiling water uoon 
glass. The fragments, failing to the ground, are aerohtes. It M 
needless here to cite instances of their falling. They are of uni- 
versal notoriety. Aerolites have no new substance to offer us. If 
the earth, therefore, be made up of atoms, we may bonclada that 
the tmivene ia made up of atoms. — AU the Year BowrA* 

90* 
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ZODIACAL LIGHT. 

The folio win (^ letter from ChacoiTiac was published in tite ■ 

'* The observation of tbo zodiacal li^ht at the epoch of the win- 
ter solstice, in hititiule 45°, is not a very extraordinary fact; bat 
lis I do not know any notice of it, it may be useful to mention hov 
it uppearn under circumstances when it can be well observed. On 
the '2:k\ December, 1804, we noticed here, at 6.45 P. M., tint u 
intunHcly luminous portion of the zodiacal li^ht plainly detached 
itself from the bottom of a gloomy sky. This could be tnuxdto 
about the constellation Pisces. The sky was but indifferently cleir. 
At the time of making this observation I sought to determmetiK 
quantity of li^^ht whicn this portion emitted, compared with tint 
emittecf by the stara. For tois purpose I drew on paper sereiil 
black lines between white ones of the same breadth, all eqniOy 
distiint. At seven in the evening, the zodiacal light appearing in 
all its intensity, I distinguished, with difficulty, the white hna, 
which were a1x)ut a millimetre distant from the others. I^liinit 
of visibility was found even when precautions had been taken to 
obtain a great sensibility of the retina. On the night of the M 
and 80th Deceml)cr a diffused lundnosity, which appeared to me 
to paint the sky, was certainly more intense than that seen on the 
23d of the same month. Indeed, on the 50th, at 10 p. m., it was 
|>o8Hible to distinguish white lines separated only the third of a 
millimetre from black lines of equal dimensions ; it was impossible 
to do so on December 23.* I next examined how this diffiised tight 
distributed itself, and saw that the most luminous part was above 
a whitish phosphorescent veil, which covei'ed the horizon with a 
light and luminous mist; the intensity of the luminosity was tiieie- 
foro not uniformly distributed. Employing a photometric a]^ 
ratus, and designating by unity the luminous intensity of the sky 
in the neighborhood of the horizon, at 26° high we had 1.53 for 
tlie expression of the intensity of the light of the sky at this point; 
overhead, the heavens deprived of stars, we had 1.15 for the in- 
tensity of the light in the region of the zenith. Thus, proceeding 
from the horizon, the luminous intensity of the sky increased op 
to a height of about 25°, and then decreased as we ruse from thtf 
point to the zenith. At least, so it was on the 80th of December, 
1864. 

*'If we admit that it maybe light from stars which thus illn- 
minates our atmosphere during serene nights, we do not exphiin 
why the stars should not be visible on a dark sky through a trans- 
parent atmosphere. The fine divisions of the instrument used, 
whilst they become visible when the atmosphere is less transpa- 
rent, enable us to see a luminous veil interposing itself between 
the light of tlie stars and the observer. We know that all light- 
absorbing media radiate light ; this medium, then, absorbing the 
light of the stars, i*adiates some light towards the eaiih. On the 
30th December, ivom 10 to \\Y.'tt.,«BA^^£Qtsi\sfiAjBi\.^t to 1 a. m., 
the phosphorescent \e\i \Taa ao vdX«m» >aQax» ^Qa.^ ^BQ^K^.-^^tt:^ ^ssa^».\ 
iuu'cUy bo seen. 
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** Daring the night of December 30, 1 compared the relative 
brilliancjr of two stars (a) and (e), marked on the map of M. Lia- 
n poanon, in the great nebula or Orion. It is well-known tiiat as- 
tronomers who nave especially studied this nebula, have always 

- - iodioated the star 6 in Orion as the most brilliant of Hiose witmn 

— the nebulosity. 

>.^ Daring several nights of this last autumn I remarked that the 
> ] 8tar («) shone more brilliantly than d, Orion, which it is near. In 
^ u Older to determine this, I placed a bi-refracting prism in the inte- 
_^ rior of a prismatic telescope, one metre thirty centimetres focal 
^. lengthy in such a manner as to cause the double image of the two 
2 1 stars to overlap each other. Successively alternating the ordinary 
p^ with the extraordinary image of one of these stars, a series of 
\^ oomparisons was obtained, which plainly showed that (e) is more 
,^. taxiiliant than (a) or d, Orion. As M. Otto Struve has stated that 
^ there exists in this nebula a series of variable stars of feeble mag- 
^^ nitude, I mention the result of the preceding, comparison as one 
^. fhmi which we should safely conclude that d, Orion, was in another 
^^ epoch o? superior brilliancy to that of (e), which is marked in all 
' . €Ha charts as bein^of the fifth magnitude. Indeed, another simi- 
^ ^ lar measure defimtively established the (act that one of the two 
^^ stars is variable. We well know what interest attaches itself to 
those variable stars of large magnitude which are surrounded by 
** ; the diffused light of nebulous matter. 

^y ** In the foregoing observations it was necessary to snperpose 
^ different regions of the nebula in order to eliminate the effects of 
^ contrast, or of superposition of the luminous matter. It is almost 
^ needless to say, uat the intensity of the diffused light of the most 
' r brilliant regions of the nebula did not attain to a hundredth part 
V^ of the brilliancy of d, Orion, whilst the brilliancy of (e) surpassed 
^ this last, by a (quantity far grater than the value of the intensity 
^"^ of the light emitted by the nebula.^' 

^ M. Liandier, in ** Comptes Rendus,^ states that he watched the 
^ sodiacal light in 1866, from Jan. 19 to May 5. He considers it to 
^^ have the shape of a perfect cone, varying in luminosity^ and color 
^ from dull gray to silvery white, the changing aspect being proba- 
^ bly due to the condition of our atmosphere. In Februaiy the 
-^ summit of the cone reached the Pleiades, and the Twins in May. 
|S Between January and Ma^ he found it to follow the zodiacal move- 
" ments of the sun. He beheves the luminous cone to be a fragment 
.. ■ of an immense atmosphere enveloping the sun on idl sides. If so, 
~! he says it may be expected to exercise an enormous pressure on 
': the sun, with great development of heat ; and if local variations 
^ oceor, he thinks they may explain the occurrence of spots through 
the redaction of temperature tliat would follow diminished pres- 
sure. 
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WHAT IS A NEBULA? 

The following are the conclusions of Mr. Huggins : — 
1. The light from the nebulas emanates from. \\!d&xv<s^Vs ViRi^^ft^ 
jmUter, existing in the state of eas. This coTi<c\\i*stfycL N& ^sxstk^'^*^ 
rated by the great feebleness wldch distmg;Q^^<^^ ^^ ^^"^ 
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lilt* iiohiiliD. A circular portion of the sun^s disk subtending 1' 
V i»ul«l give a li<i:ht equal to 780 full moons ; yet many of the nebo- 
liL\ thouj^h thoy subtend a much larger angle, are invisible to tbe 
u:iktMl 4»yo. 

2. If Uicso enormous masses of gas are luminons throogfaoit, 
th(! lifj^ht from the portions of gas beyond the surface visible to u 
would bo in a crcat measure extinguished by the absorption of the 
gas through which it would have to pass. These gaseous nebali 
wouhi, therefore, present to us little more than a Inminons maba, 

8. It is probable that two of the constituents of these nebois 
are the elements hydrogen and nitrogen, unless the absence of 
the other lines of the spectrum of niti-ogen indicates a form of 
matter more elementary than nitrogen. The third gaseoos sab- 
stance is at present unrecognized. 

4. The uniformity and extreme simplicity of the spectra of ill 
these nebuln oppose the opinion that this gaseous matter lepn- 
mints the " nebulous fluid *" suggested by Sir William Henm 
out of which stars are elaboratea by a process of subsidence aid 
condensation. In such a primordial fluid, all the elements ento^ 
in^ into the composition of the stars should be found. If then 
existed in these nebulae, the spectra of their light would be ii 
crowded with bright lines as the stellar spectra are with dsk 
lines. 

5. A progressive formation of some character is suggested br 
the presence of more condensed portions, and, in some nebols, of 
a nucleus. Nebulae which give a continuous spectrum, and yet 
show but little indiciition of i*csolvability, such as the great nebob 
in Andromeda, are not necessarily clusters of stars. They may be 
g:iseous nebuliD, which, by the loss of heat or the influence of cither 
lorces, have become crowded with poilions of matter in a mora 
condensed and opaque condition. 

C. If tlie observations of Lord Rosse, Prof. Bond, and others, an 
accepted in favor of the partial resolution of the annular nebolaia 
Lyra, and the great nebula in Orion, into discrete bright poinu. 
these nebulae must be regarded not as simple masses of gas, buttf 
systems fonn(^d by the aggregation of gaseous masses. 

7. The opinion of the enormous distance of tho ncbulffl fromonr 
system, since it has been founded upon the supposed extent of re- 
moteness at which stars of considerable brightness would cease to 
be separately visible in our telescopes, has no longer any foondft- 
tion on which to rest, in reference at least to those of the nebols 
which give a spectioim of bright lines. It may be that some of 
tluese are not more distant from us tlian the brigliter sbirs. 

8. As far as his observations extend, they appear to be in favff 
of the opinion that these nebulas are gaseous s^'stems possessing i 
structure and a i)urpose in relation to .the univei"se, altoo'cthcr &• 
tiiiot from the great cosmical m:isscs to whicli tho sun an3 the fix(jl 
stars belong. — Lecture be/ore the Royal ListUtUion. 
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LUMINOUS METEOBS. 

The following are extracts from tlie '* Reader," 1865, in relation 
to papers of M. St. Claire Deville, Newton, and Herschel, on the 
subject of meteors : — 

When we consider the observations of M. Quetelet, which indi- 
2t cate a connection between the appearances of shooting stars and 
^ anrorte and those which correlate these latter with solar and mag- 
^^ netioal phenomena, we can scarcely be surprised to hear that the 
n^ temperature of our atmosphere is affected by them. 
^. In a paper recently presented to the Paris Academy by M. Ch. 
^ 8aint-01aire Deville, he attempts to show a most intimate con- 
^ nection between these phenomena. 

It is now generally held that these little bodies which we are 

I J, now weighing and numbering are not scattered uniformly in the 

' planetary spaces, but are coUected into rings — tangible orbits — 

fi round the sun, and that it is when our earth in its orbit breaks 

■^ through one of the rings or passes near it that its attraction over- ' 

. powers that of the sun, and causes tliem to impinge on our atmos- 

, phere, when, their motion being arrested and conveited into heat, 

* they become visible to us as meteors, fire-baUs, or shooting stars, 

■ according to their size. 

^ Thus we have one ring which furnishes us with the August 
.. meteors, and another through which we pass in November. The 
'•■ position of these rings in space is very different ; for while the 
^ November one lies aunost in the same plane as that in which the 
y, earth^s annual course is performed, that of the August shooting 
^*', stars is considerably inclined to it, and its nodes are situated at 
^ the extremities of its major axis. There are also other points of 
^ difference ; for while the nodes of the August ring are stationary, 
"^ those of the November one have a dkect proper motion. Now, 
M. Deville has, in the most crucial manner, examined the temper- 
l *atnre of the months of August and November since 1806, and has 
^ detected the fact that in both the months there is an increase of 
■ temperatura about the period of the star showers, and a decrease 
of temperature in Febiniary and May, t. 6., in the mid interval 
between these annual showers in both months. The existence of 
anomalies in the temperature of these four months has long 
[ puzzled meteorolo^ts, and various causes have been assigned ; 
but the curves which M. Deville has prepared enable him to af- 
firm that the temperature which each day of those months should 
I possess, by virtue of the earth^s place in the ecliptic, is affected by 
a certain coefScient depending upon oosmical causes. To explain 
I this, ho reproduces the theory of Erman, that the lowering of the 
' temperature in February and May is caused by the interposition 
' of tne meteor rings between us and the sun, causing an '*obfus- 
cation^ of that luminary, and that the increase of temperature in 
August and November is caused by their preventing the radiation 
of heat from our globe, and possibly by radiating towards us part 
of the heat they tSemselves receive from tSie wbcl. ^vwsfe ^^^^- 
orf wag enunciated by Erman, there Yva've'VieeTi ^«s^"wi\Ow^^^^^s^ 
laade to it, and M. Faye has shown, ano©'!A.*\>«s^^^'^»^'^ 
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n*afl, that it inu!«t be accepted with caution ; but there ue adfi- 
titiiiiil roiisoiiH that the subject should be well inquired into. 

The next crontribution to our knowledge of these subjects we 
owe t«) Mr. Newton, in a paper read before the American Natioul 
Amth'niy (»f Scicuces. Among tlie questions dealt with are tliB 
number of sh(M>ttiig Btarn tliat come into our atmosphere each dsj, 
the numUfr of telescopic sliootin;^ stars, and the distribotioii of 
the orbits of the meteoroids in tne solar system. He finds thtf 
the aveni<re number of meteors which tni verse the atmospheic 
daily, aiitl that are large enough to be visible to the naked eye, ont 
dark, rlear night, is no less than 7,500,000 ; and applying tiK j 
same reasoning to telescopic meteors, tlieir numbers will have to | 
be iiu're:is(!il to 4(>'),(M)<),00<)! If allowance be made for the space 
oceiipied by the earth*a atmosphere, we find that, in the mean, Ib 
each volume of tlie size of the eaith, of the space which the eaitk 
is traversing in its orbit about the sun, there are as many as 13,000 
Muall iKjdtcs, each body such as would furnish a shooting star, 
visihlu under favorable circumstances to the naked eye. u tele- 
Bcopie meteors be counted, this number should be increased at least 
forty-fold, 
^ir. Newton remarks with the true caution of a philosopher :- 
There are at least three suppositions respecting the distribati(m 
of the orbits of the meteoroids in the solar system which are nat- 
urally suggested. Either of them may be considered as plausible, 
and one does not exclude another. 

1. They may form a number of rings, like the August gronp, 
cutthig or passing near the earth^s orbit at many points along its 
ciix'uit. The sporadic shooting stars may be outliers of such rings. 

2. Th(*y may form a disk in or near the plane of the orbits d 
the planets. 

3. They may be distributed at random, like the orbits of the 
comets. 

According to the first of these suppositions, there should be a 
fluccession of radiants corresponding to the several rings. Dr. 
Ilciss and Mr. R. P. Gregg believe that they have detected such a 
Beri(;s. 

Observations show a mean velocity greater than that of a pan* 
bolic orbit. "VVe must rc»gard as almost certain (on the hypothesis 
of an equable distribution of the directions of absolute motions), 
tliat the mean velocity of the meteoroids exceeds considerably that 
of the earth ; that the orbits are not approximately circular, bat 
resemble more the orbits of the comets. 

These bodies cannot be regarded as the fragments of former 
worlds. They are rather the mateiials from which the worlds srs 
foraiing. 

Mr. llerschel has also communicated a paper on the "Progress 
of Meteoric Astronomy during the Year 1863-4 " to the Astron- 
omical Society. He dwells especially on the very close corre- 
spondence ol*the oljservations undertaken to determine their height 
It apptiars ivKvax t\\\ft coTOx^wc'viow >XYaA. VX\^\\fev^\& v^s. ^c^<;NQ>jd.u<>; stars 
at Rome are 8ei\s\V>\>' l\\vi «vt\xxiti^s».\xv>}a»^'b\8k>&xxsL^^^ 
Europe where sbootms aVa.xa>£i«bX^ <i\3^vi'^l\««o.^\»fcT:^^ft..^,^^ 
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iMightB may be stated to be, respectively, 73 and 52 miles, at first 
appearance and disappearance above the surfi^ce of the earth, with 
a probable error of not more than two or three miles. The average 
Telocity of shooting stars in sixty-six instances is S4.4, or, in round 
nmotibers, 35 miles per second. Fifty-six general radiant points of 
If ^looting stars have now been shown to exist in different seasons of 
^ ttie year, which represent, with a considerable degree of accuracy, 
^ the whole of the available observations recorded up to the present 
^ .^ time in existing catalogues. These general ladiant points belong 
^* to fifty-six annual star showers, as well determined, in the major- 
^ ity of cases, as to limits of their duration and positions of their 
^ radiant points, as is the case with the older and better-known 
^ ohowers of August and November. The currents, zones, or belts 
.. of meteors which they indicate, encompassing the sun, are more 
": or less rich and lon^-endurin^. They appear to give rise to occa- 
sional star-showers by particular concentrations of their materials 
— -perhaps even to fireballs — by a still closer compacting of their 
particles. 

M. Liandier has communicated to " Les Mondes^ the follow- 
ing conclusions, which embody the result of three vears^ observa- 
tion : *' The shooting stars which leave no trace of their trajecto- 
If Ties travel in the same direction as the dominant air currents of 
the upper re^ons of the atmosphere at the time ; tiiose with trains 
ia the opposite direction.^ 
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PHYSICAL Distort of meteobttes. 



'?* The following are extracts from a communication of Mr. H. C. 
*' Sorby, F.R.S., to " Silliman's Journal," of January, 1866 : — 
11 «*As shown in my pai)er in the 'Proceedings of the Royal 
Society^ (xiii. 333), mere is good proof of the material of meteor- 
^^ ites having been to some extent fused, and in the state of minute 
detached particles. I had also met with facts which seem to show 
9|' that some portions had condensed from a state of vapor, and ex- 
D' pected that it would be requisite to adopt a modified nebular hy- 
^ pothesis, but hesitated until I had obtained more satisfactory evi* 
dence. The character of the constituent particles of meteorites, 
^' and their general microscopical structure, differ so much from 
'^ what is seen in terrestrial volcanic rocks, that it appears to me 
'- extremely improbable that they were ever portions of the moon, or 
of a planet, which differed from a large meteorite in having been 
the seat of a more or less modified volcanic action. A most care- 
ful stud^ of their microscopical structure leads me to conclude 
that theur constituents were originally at such a hi^h temperature 
that they were in a state of vapor, like that in which many now 
occur in the atmosphere of the sun, as proved by the black lines 
in the solar spectrum. On cooling, this vapor condensed into a 
sort of cometary cloud, formed of small crystals and minute drops 
of melted stony matter, which afterwards became more or less 
devitrified and crystalline. This cloud was in a state of ^^«.t 
€)dnimotion, and the particles moving vnt\i ^«^\» n^qks^^ -^^^v^ 
oflao brokea by coUisioii. Aftex o61lQC^xig\o^<&V^<&^ V> l^^ccO^ax^^ 
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miisnes, heat, fi^neroted by mntnal impact, or that existing h 
other partH of space through which thoj moved, gave rise to a 
variable amount of luetamorphism. In some few cases, when the . 
whole moHS was fused, all evidence of a previous history has bees \ 
ol)IiU!nit(td ; and, on solidification, a structure has been prodooed 
qui to similar to that of terrestrial volcanic rocks. While these 
changes were taking place, various metallic compounds of im 
wcru BO introduced as to indicate that they still existed in free 
spucre ill Uic state of vapor, and condensed among the prevkxulj- 
form(?d ])articlcs of the meteorites. I therefore conclude, pn>> 
visionally, that meteorites are records of the existence in planeUi; 
space of piiysical conditions more or less similar to those now ooa* | 
fined to the immediate neighborhood of the sun, at a period in* ' 
dctfiiiitely more remote than that of the occurrence of any of tl» 
facts revealed to us by the study of geology, — at a period wluck 
mi;rht, in fact, be called pre-terrestnal.** 

In the same joui-nal will be found a paper, by the same aoto, 
on the *' Minenilogical Structure of Meteontes.^ See also, fortlie 
same subject, '* Quarterly Journal of Science,^ Joly» 1866. 

METEORIC SHOWEB OF KOVEMBEB, 180S. 

The meteoric shower predicted on the 13th of November, 18(i6, 
thnii^rh unobscn'cd in America, was of extraordinary brilliancy in 
Kur()])o. A full account of the appearances, as seen in Great 
Britain, Franco, and Spain, condensed from the London jounuds, 
Mill hv, lound in the "New York Herald" of Nov. 28, 1866, and 
the ** Boston Transcript" of the same date. We have only space 
for the followinji^ extracts from a letter of Mr. T. L. Phipson, to 
the ** London Reader,^ from which an idea of the magnificence of 
the (lisi)lay may be obtained : — 

*• Last nijcht, November 13, 1866, will remain forever a period 
of extraonlinary interest to astronomers. The conjectures d 
Humboldt and others, that the November period of falling stin 
attiiiiis its maximum every thirty-three years, is now a cerUun fad 
I'lie sin:ht, indeed, will lon"^ remain stamped upon my memory. All 
who are familiar with these wonderful phenomena, knowthata 
large fall of meteora was expected between the 11th and 14th of 
NovemlxT, 18GG, — probably on the night of the 13th. The 8ta^ 
shower has happened, as predicted, and a more extraordinary 
sight it was not possible to witness. 

** I began to obsen'c early, knowing that the large meteors 
generally show tluimselvCs shortly after sunset, and at twenty 
minutes past nine I saw the first meteor. It rose directly from 
the horizon (my windows looking N.N.E.), from the direction of 
the constellation Leo, which had not yet risen. It mounted TBiha 
slowly at lirst, like an ordinary rocket, which I took it to be, but 
it rose still higher and higher, and shot away to the other side of 
the heavens, passing directly over my head. It was the finest 
shooting star 1 e\v?T ^\.w, «av^ \N.\\vT^v<i^ -^v^Jl ^qt tisLA exnected 
swarm, an it cevUvvtAy vf >xv^ vxxv ov\V\\«t <5^ ^<5i ^^^^so^c^ii^ ^wsaa^'v 
iiflfering rather, in coW, itomXXio^^ olt kxv^gos^^ vx«s.«^<«a&.^SaB^C 
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ftom that portion of the heavens directly above the constellation 
Leo, . . . Before I had finished observing, I saw meteors 
at the rate of considerably more than 2,500 per hour ! In fact, 
from half-past twelve to half-past one, it was mipossible to count 
them, though two of us endeavored to do so. 

"As a ^ross approximation only, it maybe stated that about 
one o^clock the stars fell at the rate of 2,550 per hour. 

*' Of the whole of these thousands of shooting stars which I 
must have witnessed last night, only five issued from various por- 
tions of the heavens, the rest sill radiated from the constellation 
Leo. 

"The weather was fortunately clear, but a strong wind was 
blowing, which became quite boisterous during the most brilliant 
period of the phenomenon. It was doubtless a storm-wind, for I 
noticed the reflection or radiations of several flashes of lightning 
from below the N.W. and N.N.E. horizon, namely, one flash at 
twenty minutes past nine, two flashes about five minutes past ten, 
one flash at half-past ten in the N. , one flash at ten minutes to eleven, 
and one flash at one o^clock. I should like to be sure tiiat these 
electric radiations emanated from a storm below the Northern ho- 
rizon, or whether they must be considered identical with the lumi- 
nous radiations formerly noticed in "Cosmos" (1852 and 1853), 
«6 accompanying, sometimes, the phenomenon of shooting stars/' 

IMPROVED APPABATUS FOB ASTBONOHICAL OBSEBYATION. 

Prof. Rutherford, at the last meeting of the National Academy, 
exhibited photographs of his inventions. He had seen, in May, 
1865, that he could never succeed in taking photographs with the 
achromatic objective ; the visual and actinic focus not colliding, 
and it being impossible to correct the plate except very near to the 
centre of the field. Tremors in the moist atmosphere of New York 
city increased his difficulties, injuring silverea mirrors so that it 
was necessary to coat them every two or three days. In 1863 he 
had decided that it was useless to attempt a telescope which should 
bring the visual and actinic foci to one plane ; it would have been 
a useless compromise, sacnficing the best qualities of both ; and, 
after many experiments, he had succeeded in producing a photo- 
graphic telescope, useless for vision, but giving excellent results. 
In mis, the red, ]^ellow, and green rays, which retard action, are 
dissipated. The image is taken on a screen of collodion. He had 
taken plates of the sun and moon ; but the chief value of his work 
was in its stellar application. He wished to show that something 
was always lost m methods purely mechanical, the human eye 
having a power of adaptation not confen*ed on any lens. Thus a 
finder of four and a half inches would give to the eye what the 
eleven and a half inch lens could not report. The atmosphere is 
a great disturber. All observers know what it is to have stars 
jump double their own distance on the field. Photography locates 
exactly. Of the moon it furnishes a fine map, to be fille.d v\ V^^ «&<- 
earate observation afterwards. He showed Ylctw XJsi'^ «rc««» ^5«r»- 
doaed bj reducing the curves in the \ieaNenAXo«i'^^'t^ tsoa^ 
30 
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wore to 1)0 obviiitcd. In this actinic telescope how can we findtlN 
triH* looiiflP Only by a process of tentation which he cxpl&iiMi 
It h:iH no power of accommodation, and records changes of the 
ono-hiindnMlih of an inch, which the visual tele8Coj)e cannot; nor 
will any two nc^tual obsen'ors ever ag^e to withm the ooeW 
dn'dth of an inch on any focus. 

To Hhow the advantages of this ^lass in stellar work^heflhoind 
that it had taken images of stars of the ninth magnitude; sUnof 
the sixth being tho smallest before recorded. Hehadbepito 
work on tlie iMei:ulcs, Hcssers work on this constellation being ao 
aecuniti^ as to make it the best test of his own work. Oneplite, 
exposed tlireo or tour minutes, gave him forty-three stars. On that, 
Alcyone oei^upied twenty seconds, which was such an enomntr 
that it reciuired examination. He found this extraordinary breadtk 
to proceed from her own li^ht, increased by radiation witliinthe 
tube of the instnnncnt, ana showed how a bit of gauze remored 
tlio difticulty. This breadth was filled up by repeated impresskm, 
not by an instant's exposure and printing. The telescope followi 
tlie Rt:ir in a prolonged exposure ; if it is not quite prompt, it oiir 
elongates the star in tho direction of ri^ht ascension. He had it 
lirst apprehended trouble from the shrinking of the collodion. It 
had not come ; if it did, he had still a resource in a certain teoi' 
cious varnish. Now, to ascertain the worth of his work, a microm* 
etc r was necessary. None in existence could be adapted to this 
instnnntint, so tliis also he must make himself. He described this 
acliicivement, and showed a photograph of it. The extraonlinary 
accura<»y of the work done by it we can only measure by the 
amazement of the authorities present, who pressed eagerly abtiut 
him. ll(j described his eye-piece with its bisecting lines. He be- 
lieved that, henc(}forth, no observatoiy woulil bo complete withont 
a recording glass. lie showed, in conclusion, how he had forced 
the light into tlic right direction within the tube by a supplemen- 
tary lens. 

SECULAR INCREASE OF MEAN TEMPERATURE. 

Before tho London Meteorological Society, Mr. Glaisher read » 
comnnmication on the ** Secular Increase of Mean Temperature.*' 
He stated that the mean temperaturo of the seven years endiog 
18();) had be<;n so high as to increase the mean temperature of tlifl 
vear from forty-three years' observations, viz., 48° 92^ to 49** 04'. 
lie tiien reniarkcul that the mean temperature of the fii*st twenty* 
live y(}ars ending 1838 was 48° &, and of the twenty-five yeais 
ending 1803 was 49° 2'. The author then became desirous to see 
iC ill is increase had been progressive, and found the mean d 
twenty-nine years ending 1799 w.is 47° 7', of thirty years ending 
1829 was 48° S', and of thirty years ending 1859 was 45° (^^ 
jjroving that the secular increase of the mean temperature was f- 
This result he considered so impoitant that he examined cverv 
probable source of error, and concluded that no instruraenti 
errors would aceA>uA\l ^v>t \\\\^ft vcvvTVi\\s^fe. 'Wnr vs^^t-^^^tQA he tbei 
Set himself U> \\west\«^v\Vv\ vivivv?. *. X^Vv^'Cassx >55\\>^\\v^>cvv*iM^\aa^>aa*V 
place in every montVx *m X\i^ ^ewc^ ox \w ^^vs^'e. xc^x^ssk& vs^ '«m«A 
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more tiiaa otiieisF and Iw IbiiBd s maoifcaUs dyferaice in tiie 
winter months ; the greateflt in Jannarr, wiioee mean temperature 
In the twenty-nine jears ending 1799 was 34^ V ; tiie mean of the 
next thirty years was S5P T', andcrf'tfie last thirty years was 37^ d^, 
and eveiy season showed increase. Tlie andor then selected 
every dav of remarinb^ low and remarkably high temperatore, 
and divided tiie resohs mto groopa, and it i^ipeared that in the 
twenty-five years endmg 1838 tliere had been seventy-two days 
in Jannaiy whose mean temperaftare had been bekiw 25**, and 
fourteen only of such low temperatures in tlie last twenty-five 
years, whilst in the former period there had been seventy-five 
days of temperature higher than 4dP, and 109 days of temperature 
exceeding 45° in the latter. He treated every month in the same 
way, and discussed the early observations and descriptions of 
▼ears in the last century, and concluded, — that our climate in the 
last hundred years 1ms ^tered ; that the mean temperature of the 
year is now 2^ higher than it was one hundred years ago; that 
the month of January is nearly 3° warmer ; that frosts and snow- 
ahowers are of very much shorter duration and less in amount ; 
and he concluded his paper by expressing a hope that series of 
observations in progress over the world wUlbe patiently continued ; 
—for other questions now open themselves, for instance, has any 
part of the worid lost 2° of annual temperature ? or has the world 
itself increased in warmth? Other (juestions also press, so as to 
make it extremely desirable that similar determinations should be 
xoade as soon as possible at other parts of the world. 

CLmATE OF BBAZEL. 

According to Professor Agassiz, in his lectcse before the Lowell 
Institute, in Boston, Mass., in October, 1866, the climate of the 
Amazonian basin differs from that of other regions in the same 
latitude, by reason of the great moisture prevailing there. The 
combination of heat and moisture, he observed, produces a more 
luxuriant vegetation than is to be found anywhere else. 

There are not four distinct seasons, as with us ; but perpetual 
Bommer reigns. There is more or less of rain throughout tlie 
year, but no such special period of great prevalence as marks the 
climate of other tropicfd regions, where a very dry season suc- 
ceeds months of copious rain. The rains do not prevail over all 
sections at the same time, but beginning at the south in Septem- 
ber, they progress northward till they reach Guiana in March and 
April. As a consequence, when the southern tributaries of the 
Amazon are most swollen, the northern tributaries are tit their 
lowest ebb, and vict versa; and thus a balance is maintained 
between the upper and lower parts of the basin. 

Again, there is a difference between the course of the main 
stream at its most western origin, and at its mouth. The swelling 
waters of the Madeira reach the Amazon in November or Docoiii- 
ber. The northern tributaries pour in their watftta o.t o. ^^^^^ 
period. The great increase in the Amazon i!A» \\a esi\i^\vss\\sy«i^^'»^ 
Samponiij cojncidenoes in the ftow oi to tctoxxXwAft^^NA ^s^ ^'t ^osi 
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the month of March, when the water rises a foot in eadi twenty* 
four hours, until it reaches a height of thirtj-five feet abo?e tbe 
ordinary level. The Amazon i^ lowest in October. 

lie said that the temperature of the whole valley was remiik- 
ably even, varying from the minimum to the maYimnm not moie 
than fifteen degrees. The temperature of the water of the Anift* 
zon is also even, the maximum being 84 degrees, and the vm- 
mum 78. Other streams show as little yariation in this reelect 
In consequence of this evenness of temperatare, there is a feding 
of comfort most agreeable to the inhabitants. 

▲STBONOMICAL AND MBTBOBOLOGIGAIi SUMKABT. 

Stan of the Narihem Hemiipkere. — In the last edition of his 
'* Wunder des Himmels,^^ Prof. Littrow gives a summary of die 
number of stars that are in Argelaader^s charts of the jNortb«cn 
hemisp here. 

Jfrom K. dMlinstion • . . • 0^ to SO^*, 110,987 sfiui. 
tt u , it .... 20® to 40®, 105,082 *« 

" " " .... 40*>toS0P, 108,131 « 

Classified according to magnitude, there are : — 

Mag. No. of Stan, Mog. No. of Sun. 



1—1.9 
2—2.9 
3—3.9 
4—4.9 
6-^.9 



10 6—6.9 . . . 4,328 

37 7—7.9 . . . 13,593 

128 8—8.9 . . . 67,960 

310 9—9.9 . . . 237,544 



1,016 



There are, besides these, sixty nebalao, and sixty-four variable 
stars. 

Duration of the Flight of Shooting Stars. — Dr. Schmidt, (Mreo- 
tor of the Observatory of Athens, has recorded as the result of his 
observations on shooting stars during the last eight years, and 
especially on the duration of flight of 1,357 meteors out of aboot 
16,000 seen. The mean duration of those of different colors was : Of 
846 white shooting stars, 08.709 ; of 361 yellow, 08.947 ; of 101 red, 
ls.7d7 ; and of 49 green ones, 28.685. The.mean of all was 08.925. 
As he has been accustomed to estimate small intervals of time, hu 
estimates are deserving of confidence. 

Height of Auroral Arclies. — Mr. B. Y. Marsh has obtained data 
for computing the approximate altitudes of three auroral arches, 
observed in Pennsylvania, Maine, and Massachusetts, on January 
16, February 20, and February 21, 1865 ; the estimated altitudes 
were respectively 97, 80, and 57 miles, — or a meafi altitude of 78 
miles. 

The Shy an Indicator of the Weather. — The color of tlie sky, at 

§ articular times, affords wonderfully good guidance. Not only 
oes a rosy suivseV. pte^a.^^ ^oo^ v^^^a^iXl«^^ ^xSL^^vvdii^ sunrise bail 
reather, but there ave o\5ckex >:vo\a ^XxtfStL ^^'ss^^^N&OL^jaRsgijSi^^i^ar 
less and accurajcy. X \>yv^v. ^^X^qtw ^c3,\a.^Qsw5. ^>i^^ica.'^c>B^ 



. A8TBON01CT Ain> XBTEOBOLOOT. 35^ 

oates wind ; a pale yellow, wet ; a neutral gray color constitutes 
a favorable sign in the morning. The clouds are again full of 
meaning in themselves. K then* forms are soft, undefined, and 
full feathery, the weather will be fine ; if their ed^es are hard, 
sharp, and definite, it will be foul. Grenerally speaking, any deep, 
unusual hues betoken wind or rain ; while the more qiiiet and del- 
icate tints bespeak fair weather. These are simple maxims, and 
yet not so simple but that the British Board of Trade has thought 
fit to publish them for the use of sea^faringmen. 
- The Climcde of Southland^ New Zealand —The chief point of inter- 
est noticed by Mr. Marten, treating of the climate generally, is 
tiie remarkable example it affords of a rule long suspected to exist, 
and which the experience of each successive year seems more fully 
to establish. *' Comparing the meteorological records of the tem- 
perate zone in the two hemispheres, I was struck with the fact that 
the meteorological characteristics of each season in the northern 
hemisphere were invariably reproduced in the following year at all 
places similar in geographical and isothermal position and natural 
features in the soumem hemisphere. The question naturally 
arises, *Is this mere coincidence?' That, of course, I cannot 
answer decisively ; but my impressions are in the negative.^' 

Meteorological PerturbcUtons, — According to a paper recently 
laid before the Royal Greographical Society of Vienna by Dr. Fried- 
luan of Munich, the meteorological perturbations are due to 
** contact of the external air with the interior of the earth !" His 
reasoning is in this wise : According to Humboldt, there exist 425 
volcanoes, of which 207 are still active. The external atmosphere 
is thus connected with the interior of the earth by 207 fiery throats. 
It may be assumed that of these 207 volcanoes there is at least one 
eruption daily, which thus causes important disturbances in the 
Tipper layers of the atmosphere. These movements being propa- 
gated in a wave-like manner to a distance, produce the uTegular- 
ities in meteorological phenomena for which so many explana- 
tions have been proposed. 

The Appearance of the Sun from the North Pole. — To a person 
standing at the north pole, the sun appears to sweep horizontally 
around the sky every twenty-four hours, without any perceptible 
Taiiation during its circuit in its distance from the horizon. On 
the 21st of June, it is 23 degrees and 38 minutes above the horizon, 
— a little more than one-fourth of the distance to the zenith, the 
highest point it ever reaches. From this altitude it slowly de- 
scends, its track being represented by a spiral or screw with a 
very fine thread ; and in the course of three months it worms its 
way down to the horizon, which it reaches on the 23d of Sep- 
tember. On this day it slowly sweeps around the sky, with its 
face half hidden below the icy sea. it still continues to descend ; 
and, after it has entirely disappeared, it is still so near the horizon 
that it carries a bright twilight around the heavens in its daily 
circuit. As the sun sinks lower and lower, this twilight grows 
g^radually fauiter till it fades away. On the 20th of December the 
sun ia 23 degrees and 38 minutea beVo^ ^i)tlft YvvmiiWOk.^ ^».^ ^^ssSs^Na. 
the midnight of the dark winter oi tkift w^ft. 'IBxoxQt ^Ska ^a&Rk^^BSk 
SO* 
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■an begins to ascend, and after a time his return is heralded bya 
faint duwn, which circles slowly around the horizon, completing 
its circuit cFerj twentj-four hours. This dawn grows gradually 
brighter : and on the 20th of March the peaks are gilded with the 
first leyel rays of the six montlis' day. The bringer of this long 
day continues to wind his spiral way upwards till he reaches hS 
highest place on the 21st of June* and his annual oonise is o(hd* 
pleted. 

Poioer of Biars in Overeandng TmQiglU. — The following an 
extracts from a letter from M. Babinet to Admiral Smyth, pub- 
lished in the '* Astronomical RejgiBter ^ : — 

*« Another sidereal quality I have observed with great intend 
is, that some stars have more power of overoominfi^ twiligiitdiii 
oUiers of the same magnitude. The fact was published some wn 
ago. Now as to the cause : Let us suppose a star just suflboMOflr 
bHffht to be i>erceiFed in twili^; its B^ht, then, must be eqnslti 
at least one-sixtieth of the uniform light of the sky. But if m 
imagine that this star, preservinK the same lirightnesSyiB smslkr, 
and thereby occupies onlv one-fourth of the space it did bdbie, 
then its light will be one-fifteenth of the ffenerai light of the skf, 
and wiU consequently be very perceptible. One of the stars cf 
Cassiopeia possesses this power of conquering^ twilight; sodoei 
/ Draconis, s Pegasi, and others. It is easy to prove Ihis b?at 
optical experimenti 
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CONTRIBUTIONS TO AFRICAN OEOGRAFHT. 

At the meetmg of the Geographical Section of the British Asso- 
ciation, in 1866, Sir C. Nicholson, the President, alluded to the 
discoyery.of the Lake Albert-Nyanza by Sir Samuel Baker, and 
described the nature of the problem which now remained to be 
solved in the geography of this part of Africa. This was the con- 
nection or separation of the two great inland seas, the Tangany- 
ika and the Albert-Nyanza. The difference of level l>etween them — 
eight hundred feet — militated againsttlie supposition of their union ; 
but a doubt existed as to the correctness of the levels given in the 
case of the Tanganyika, tiie measurement having been made by 
Burton and Speke, with a single and very imperfect instrument. 
It was hoped that this point might be settied by Livingstone, the 
'. last news from whom informed us of his arrival at the mouth of 
' the Rovuma River, on the East Coast, whence he was about to 
travel by land into the interior. The road to the great southern 
lake, Nyassa, was reported to be open, and this distinguished trav- 
eller was, in all probability, now on his march. 

Exploration of the Sources of the Nile, — Sir Samuel Baker said 
Hiat, from its extraordinary fertilizing capacity in Lower Egypt, 
the Nile had, from the most ancient times, been looked on with 
^preat interest as respected its source and the cause of its periodi- 
cally overflowing. The White Nile, which was the true Nile, 
Sssaed from the Albert-Nyanza Lake, discovered by Speke and 
Grant, and that from the Victoria-Nyanza, between which a true 
liver flowed. Flowing northward, the Nile, properly so called, 
traversed an enormous tract of marsh ; and for some months of the 
year this tract was littie more than a sandy, reedy plain. The 
xiveil was filled with vegetable matter ; but the junction of the Blue 
IRilQ with it at a lower point somewhat purified it. The regions 
of Lakes Victoria-Nyanza and Albert-Nyanza received an inmiense 
rainfall, as did the Abyssinian mountains, whence the Blue Nile 
flowed. In a single night, at the commencement of the rainy 
season, the river at particular points rose to a height of thvctv feet 
in the course of a few minutes, so sudden and so copious is the 
rainfall in those lofty regions. This was really the effective cause 
of the periodical overflowing of the Nile. 

Mr. Paul B. Du Cbaillu, at the meeting of the Greographical 
Society, Jan. 8, 1866, read a paper ** On a Second Journey into 
Western Equatorial Africa.^ In 1864 he advanced eastwara into 
the Ashira country, which rises by successive ste^ feo\svtibfe^sfiaa^* 
First, there is the belt of low land neat tYi^ %ft«ii\ mwi «* «q>rr««&s* 
of billy ranges numing nortii-west and «o\3^-^««^»^^''n&st^^^^ 
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brtwcon, tho r»n(?ofl inoreaftin^ in altitude towards the intBK 
nii<l tho p!iss<*» over thorn ran;j:iii«: between 1,864 and 2,400k 
Thii grt-ater part of the country is covered with dense fin 
thn)ii;;h whicli are naiTow paths loading from village to viQ^; 
i>iit fnim the Ashira country eastward there are thi^ vamm 
of path, — one to tin* north-east, another to the east, anddietbiri 
to tli<^ south-east. The tribes are divided into clans, and each iS 
lagt^ has its own chief, the inhabitants always belonging to tbeds 
of the niotlier. The villages are more populous andlargertLiL 
th(»se noar the coast. In reading^ the works of Grant, Speke,iiil 
Burton, he observed many words which were identical wtt,« 
which closely resembled, words used in the district hehadtOF 
crscd, and lie had no doubt that the tribes of Western andEtftn 
Africa had formed ori^nally one people. 

From the accidontaikilling' of two of the natives, he was oliM 
to abandon his journey, losing- a great part of hisvalaableeQv 
ti(»ns and scientiOc observations. 

At tlie meeting of the British Association, in 1866, Mr. DaCUh 
made a (communication on the physical geography of this legioii 
fn>m which the following are extracts : — 

** There can be now no question that Equatorial Africa, frontk 
West Coast, forms a belt of impenetrable jung^le as faraslim 
been, to 13° 9(/ east longitude. This Jungle did not stop tfaere,M 
could be seen as far as mv-eyes could reach, and the natives M 
never hcanl w^here it ended. The breadth of this gigantic fiwst 
extends north and south of the equator, probably from twoorthw 
d(>gnH>s on each side. Now and then prairies, looking likeisbnik 
are found in the midst of this dark sea of everlasting foliage, v^ 
how grateful my e^es met them no one can conceive unless hebi 
lived in such a solitude. At a certain distance from the coast, tk 
mountainous rc<^ion beyond rises almost parallel with it TiES 
range of mountains seems to gird almost all the West Coast. B^ 
twecn these mountains and the sea, the country I have explored^ I 
low and marshy, and numerous rivers and streams are foond. 1^ 
low land is alluvial, and has no doubt been formed in the ooms 
of time by the washing of a dejposit coming from the tableJaui 
Only two rivers seem to pierce through these mountains. Thes 
are the Rombo Okanda and the Renux) Ngouyai, the one couiD? 
fi-om a north-east direction, the other from the south-east. Thes 
two rivers unite and form tiie Agobia, which discharges itself int^ 
tlio sea, forming the delta which I have described in my bookw 
' Equatorial Africa,^ and for which I had proposed the name of 
th(j Delta of the Agobia. Lieut. Labigot, of the French naTy, 
and M. Touchard, have visited in a steamer the junction of th? 
Okanda and Ngouyai. How far eastward this immense belto( 
woody country extends, further exploration alone can show. Id 
this great woody wilderness man is scattered and divided into* 
great number of tribes. I was struck by the absence of those spe- 
cies of animals which are found in almost every other part of At 
rica, and I wondereOL not bl\. \\., ^ox >i}tv^ to^ossJcc^ ^^j^ ^^a^JLvka those 
parljs which bad Aioeti fiitp\oTft^>oeioTCi. ^^o^«^^ Tv^vasv^-t^^ss^^w 
noceros, zebra, ^xaff^* ^or o^xtlcAq.. 1^^ «^^ij^T^x«.^^«es^ ^^.^^ 
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rff elandSt gaselles, eto., foond eve i y w here else, were not to be 
-feen. The forest, thinly inhabited by man, was still more scantity 
-nhabited by beast. Now and thenj by the side of the wild man* 
:.-^oamed the apes, among them the savage sorilla. There were no 
:>eastB of burden, no horse, no camel, no c&nkey, no cattle ; man, 
• Mr rather woman, was the beast of burden. Often miles were trav- 
-aiUed over without hearing the sound of a bird, the chatter of a 
^monkey, or the footsteps of a gazelle.** 

'f^- For remarks on the climate and the con'^timi (tf the people, see 
-BeportB of the British Association for 1866. 

6E0G2AFHT OF BRAZIL. 

According to Prof. Agassis, in his Lowell Lectures in Boston, 

.Oct., 1866, one great feature of the river is that it has no delta, or 

"projection of accumulated mud extending into the sei^ like the 

'jdOssissippi, the Nile, and the Ganges. Yet it carries an immense 

; amount of mud in its waters. This is explained by the fiict that 

, owing to a combination of dreumstances not yet unravelled, the 

' ocean encroaches at a fearful rate on the continent north of the 

oastem promontory of Brazil. Above that point the coast of 

' Brazil ran nearly north, so that a belt two or three hundred miles 

wide has already disappeared. The Amazon once extended three 

bondred miles 1>eyoDd its present mouth. Whether it is owing to 

the softness of the soil or the configuration of the coast, the lecturer 

was unable to say. There is no subsidence at the ocean shore. 

The waters of the Amazon, and the peculiarities of its physical 
attributes, are very different from what we have been accustomed 
to hear and read of them. The whole Amazonian basin is a vast 
plain. There are no hills, but an immense expanse of woods and 
water. The distance from the source of the Amazon in the Andes 
to the Atlantic Ocean, is two thousand miles in a direct line, but 
by the course of the river four thousand miles. The plain through 
which tiie river and its tributaries flow is twelve hundred miles 
wide, and in some places eighteen hundred. It is so low that the 
whole slope from the Andes to the Atlantic is not over two hun- 
dred and fiftv feet. It cannot be compared to an ordinary river 
valley, and the river itself is different from all others in the world. 
Its mouth is one hundred and sixty miles wide, and its mud tinges 
the ocean for a long distance. Lakes and lagoons are numerous. 
In August and September tiie snow on the Andes be^i^s to melt ; 
but its influence is very slowly felt by the Amazon, the lower sec- 
tion not feeUng^ the rise till the month of Maroh. The river is 
highest from tlune to October. The rise is not loss than thirty, 
and sometimes exceeds fifty feet. By a singular oQieration of nat- 
ural causes, the southern tributaries of the Amazon are fullest 
when those on the nortiiem bank are lowest, and vice versa. 
There are times when the whole basin is under water, and the 
dense forests may be navigated. 

The color of the water in the streams flowing from the Andes is 
tarbid, a sort of cream color, wMLe thait Vn t)aB \rtovx\a.Ttfi.'^^\«a^^^«k 
phuasia black. These latter carry alon^ sacSii \x£mv^\s&R^ ws&ssw 
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of sediment, that the cream-oolored streams prodaoe no yMA^ 
effect on the color of the Amasson, which colors the ocean for fifij 
miles from the main land, so dense is its blackness. The ooloflsal 
dimensions of this water ^stem can hardly be oonoeiTed, and 
surpass everything of the kmd in the worid* 

ATLAimO AND FACIFIO SHIP GAJTAL. 

Rear-Admiral C. H. Davis, in response to a call from the Sec- 
retary of the Navv, has recently presented a very full and inte^ 
esting report on the different routes of this ereat plan of inte^ 
oceanic communication across the Isthmus or Panama. Leaying 
out of view, as impracticable, the Tehnantepec and Honduras 
routes, he discusses at length the Nicaragua, Panama, and Atrato 
localities. Of these, he regards the most practicable route, that 
across the Isthmus of Danen, from the Gulf of San Miguel to 
Cfdedonia Bay. On this route, at both ends of the line, are spa- 
cious harbors, admirable in every respect; and, on the south side, 
there is a height of tide suited to the construction of docks for 
repairs. This line cuts the Cordilleras at a depression at least 
thirtv feet below any that has ever been reported, and several 
hundred feet lower than any tliat has been surveyed. The course 
is direct, free from obstructions, healthy, while its outlets open 
upon coasts where violent storms rarely occur. The Savana river 
itself would form a part of the canal. No locks nor tunnels would be 
required. The canal on this line would be about twenty-seven miles 
long, only two of which would pass through hard rock. This 
falls fieii^ short of the Mont Cenis tunnel for difficulty ; and the 
advantages of connecting the continents in this way are of incal- 
culable importance. It is published in the **New xork Herald" 
of Deo. 24, 1866. 

THE BONE-OAVES OF BELOIUH. 

The probable antiquity of man must be admitted on every hand 
to be the great scientific question of the day. Whatever, there- 
fore, tends to throw light on this subject is of first importance. 
There can be no doubt that in our own Brixham cavern, beneath 
stalagmites of enormous size, relics of human work were found 
side by side with the bones of now extinct animals. Probably of 
less remote antiquity, but still of high interest, are the remains 
found in the Furfooz caves in the Belgian province of Namur. 
Their discovery was deemed of so great an miportance that the 
ArchsBological Academy of Belgium, at the expense of the Govern- 
ment, sent a commission to examine these caves. On March 26, 
the commission issued their report, the substance of which we 
subjoin. 

The Belgian Commission were immediately struck with the 

large number of reindeer horns, of which quantities have been 

found in one of the caves called Trou de Nutons. It is obviously 

important, thoug\i d\f^c\\\t,'w\Vk'^x^Q^.«iQiii\o ^s^^Jca ^xact epoch at 

'"hich the reindeer moved iiot\}cL^R««^^, «ii\sak^caJaL^\!L^«\^ 

re been caused by aom^ ctoMitol OcASi%{:^« KRRs»t^ca^^\a'^ssw 
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otrinioii of MM. Lartet, Christy, Milne-Edwards, and others, the 
disappearance of the reindeer firom the forests of Central Europe 
took place in prehistoric times. MM. Lartet and Christy say the 
migration undoubtedly took place before the introduction of do- 
mestic animals. and the employment of metals in Western Europe. 
Thus, from the numerous horns and bones of the reindeer, the . 
probable age of the other remains in the caves ma^ be inferred. 

Only one of the reindeer horns showed signs of the contempo- 
raneous existence of man. On this one was cut a deep notch. 
But abundant evidence of the presence of man was otherwise 
given. In the same cave with the horns, together with flint 
knives, there had been found a kind of flute made from the tibia 
of a goat ; and in an adjoining cave a whistle, cut out of one of the 
smaller bones of the reindeer : several of these whistles had pre- 
-viously been discovered in other caves. The most interesting 
objects in this collection from the caves were a number of needles 
made from pieces of reindeer horn. Great care had evidently 
been bestowed on their workmanship, for they were well pointed, 
and at the thick end pierced with a hole for the thread, which was 
most likely made of fine strips of the tendons of the reindeer. 
This animal was not the only one which had left its remains in 
the caves, for, amongst the collection, bones of the . bat, bear, 
badger, stag, chamois, wild goat, beaver, and wild boar were 
recognized. It is noticeable, no wever, that in all these bones 
there are none belonging to any extinct animal. 

The existence of man was shown not merely by articles of his 
workmanship, but also by his actual remains. Thus, there were 
two human skulls, a large number of molar teeth, jaws, and vari- 
ous other bones belonging to men, women, and children, and 
even to a foetus. One of l£e jawbones bore traces of a disease 
which had eaten the bono away in different places. The two 
skulls are brachycephalic ; one, however, was pronounced to be 
prognathous, and the other ortho^nathous. All the human bones 
examined showed that the inhabitants of the caves were men of 
small stature ; and this is also the general conclusion derived from 
ol^er ancient remains of man. The ima^nary idea that the early 
denizens of the earth were a race of giants, — a belief common 
among many people, — must certainly be (^missed; for, so far, 
we are sure that man has not in any way degenerated. 

A quantity of black pottery and of ornaments made from shells 
showed the commencement of human industry at this period ; and 
the existence of intercourse with remote peoples is evident from 
the fact that the same species of shells are now found as fossils 
in the tertiary strata of Paris. The bones when found in the dif- 
ferent caves were mixed in utter confusion with eaith and frag- 
ments of stones, showing that some violent action had taken 
place after the deposition of the remains.* The flint implements 
consisted chiefly of knives and arrow-heads, generally of small 
size, and were usually found immediately under the human bones, 
or sometimes associated with them. 

From their examination of the gtowxk^, ^3ti"& \\s&\3rQsafc\sX&n "'^'^ 
the bones, the commission were able to »t»Xfc ^«X» >;5sift'\£w^&:^^^»a^^ 
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found in the caves of Fnrfooz belon? to a race Bacoeedii 
the dolichocephalio men of Engis, Moulin-Qaignon, etc., 
ceiling Uiat of the Celto-Crermanic age. If this be com 
people were contemporaneous with the men of Chauvi 
the troglodytes in the centre of France and the Pyrei 
with the most ancient dwellers in the lake habitations, 
calls this race the Fenni ; they were the ancestors of th< 
lAplanders, who in every respect jnreatly resemble the 
inhabitants of the Fuifooz caves. Fossibfy, to escape fi 
danger, this race took refuge in caves, where, owing to 
and misery, their stature may have been shortened, i 
features rendered uncouth. Skulls of the Reindeer perio 
Belgian bone-cave, indicate a superior as well as an 
race of primitive men in Europe, nrof. Van Beneden h 
in caverns crania of two distmot prehistoric races, of t 
deer period ; and one of them, the least well preserve 
tinotly brachycephalous and prognathous, but with a fin< 
development. The cavern is m the carboniferous limestoi 
or forty meters above the level of the Lease. A large ni 
human remains were found. — Beader. 

LAKE DWELLINOS OF SWITZERLAND. 

Tn Mr. Lee^s translation of Dr. Keller's work on *^T 
Dwellings of Switzerland,^* are extracts from a work by 1 
Heor of Zurich, on the plants found in these dwelling 
latter states that the millets are undoubtedly sprins* crops 
all the other kinds of cereals appear to have been the sam* 
scquently, the colonists must have prepared and sown th 
in spring, not in autumn ; and the com was probably h 
the end of summer, and no after-crops secured. Bread ^ 
only of wheat and millet ; the latter, with the addition 

gi-ains of wheat, and, for the sake of flavoring it, of linsc 
arley bread has not yet been found, and it is probable i 
ley was eaten boiled, or more probably parched or roaste 
small, six-rowed barley of the lake dwelling is the sacre 
of antiquity. The small lake-dwelling wheat (TnticuiTi 
antiquorum) is probably the oldest soit ; it is the most p 
cereal in all the older lake dwellings, and was cultivate 
to the Gallo-Roman times. . . . 

Some of the weeds of the corn-fields were indigenous, an 
had been introduced with the cultivated plants, and be( 
with them. A fact of great interest is the occurrence of 
tan catchfl^ {Silene Cretica, L.) in the remains of the lak 
ings, as it is not found in Switzerland and Germany ; bul 
contrary, is spread over all the countries of the Meditei 
and is found in the flax-fields of Greece, Italy, the south of 
and the Pyrenees. The presence of the com bluebottle (C 
Cleaned) is no less remarkable, for its ori^nal hosne is Sic 
'"* had already appeared in the corn-fields of the lake dw 

Indicates the way by which com had come into the hand 

looista. 
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Peas, apples, pears, and some stone fruit have been fonnd. 

The apples iare chiefly cut into two parts ; seldom into three : 
the smaller ones are left whole. The sonr crabs must have been 
of considerable importance as an article of food, as we may learn 
from the large quantity of l^eir remains, and their general diffu- 
sion amongst the lake dwellings. Together wim these wild 
apples, there were found at Robenhausen a considerable number 
CH a larger kind, which probably were a cultivated variety. Pears 
must have been less common, for only a few specimens have been 
found at Wangen and Robenhausen. Remains of the cherry, 
plum, sloe, grape, and various berries, were also found. 

The lake colonists had therefore the same cereals as the Egyp- 
tians. They were also clothed in the same manner, for in Egypt 
flax took the first place amongst the plants used for spinning and 
-weaving. The cultivation of flax, and the art of weaving the 
thread, may frequently be seen on the Egyptian mural paintmgs, 
while hemp was unknown as a plant for making thread ; and it is 
also entirely unknown in the remains of the lake dwelling. 

He thinks the antiquity of these dwellings is probably from 
1,000 to 2,000 years b. c. 

In any case, the remains of plants have a very high antiquity, 
and they throw some light on the solution of l^e question whether 
tiie species of plants have undergone any change in historic time. 
With respect to the wild plants, the question must be answered in 
liie negative. The most careful investigation of them shows a 
surprismg agreement with the recent species, and even small 
vaiieties of form have been retained, as we see in the water-lily, 
the fir, the sloe, the bird-cherry, and the hazel-nut. Professor 
Unger has come to the same result by investigating the Egyptian 
plants. But the case is different with tlie cultivated plants, 
although some kinds — as the dense compact wheat and the close 
six-rowed barley — have undergone no perceptible change; yet 
it must be confessed that most of them agree with no recent forms 
sufficiently to aUow of their bein^ classed together. The small 
Celtic beans, the peas, the small lake-dwelling barley, the Egyp- 
tian and the small lake-dwelling wheat, and the two-rowed wheat, 
form peculiar and apparently extinct races : they are distinguished 
for the most part from the modem cultivated kinds by smaller 
seeds. Man nas, therefore, in course of time, produced sorts 
which ^ve a more abundant yield, and these have gradually sup* 
planted the old varieties. 

The following are the conclusions drawn by Professor Ruti- 
xneyer from the animal remains of these dwellings : — 

This seems to be the first place where we can no longer strive 
against the evidence of a European population who used as food 
not only the urus and the bison, but also the mammoth and the 
rhinoceros, and who left the remains of theu* feasts not only to be 
gnawed by the wolf and Uie fox, but also by the tiger and the 
bvsena. It is, in truth, an old psychological experience, that we 
always consider that to be really primitive which we see the far- 
thest removed from us, and this in spito of numerous admonitions 
which are continually pointing out to us stations lying farther 
81 
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Htill farther behind. The inyestigation of the commencement of 
liuniaii history will hardly have the prerogative of being liberated 
IVom the gradual advance which pal»ontoloffy has fouowed up. 
The diricovery at Aurignac places the age of our lake dwellings 
at a comparatively late period, although almost immediately^ under 
our peat beds, with their rich treasures, similar antiquities are 
found ; nay, still older remains are met with only a little deeper 
(in the slaty brown-coal of Diimten, perhaps forty feet under tiie 
bed of the fake of Ffaffikon) than those of Aurignac, which have 
there been gnawed by hy»nas, after having been despoiled of 
thoir marrow (like the bones of Robenhausen) by human handSi 
This liiHt fiict would also point out to us the place where we have 
to look for the remains of the ancestors of the lake settlers, 
namely, under the glacier moraines ; for it is manifest that the 
people who inhabited the grotto of Aurignac were older thao tbe 
extension of the glaciers, and consequenUy also witnesses of this 
mighty phenomenon. But this fact, on the other hsuid, takes from 
us every hope of still finding traces of human existence on places 
over which the ancient glaciers have passed. Examples showing 
tliis in later times are by no means wanting in our country. At 
all events, the last gap between geological and historical time is 
now filled up by the discovery at Aurignac. — Reader, 

ETHNOLOGICAL SUMMART. 

Importance of PliUology to Ethnology. — The President of the 
Geographical Section of the Biitish A^ssociation, in his address, in 
18GG, alluded to a tendency with many ethnologists in their 
ini^uiries to disparage the force of the evidence afforded by lan- 
guage;, as a key to the history and the relationship of the different 
Siictions of mankind to each other. Yet it was impossible to gain- 
say the absolute co-relation that exists between certain organic 
l(M-nis of speech and some of the great typical divisions of man. 
Lan«^uage, in his opinion, constitutes one of the most permaDent 
and mdeliblo tests of race ; and no system of ethnology could dis- 
pense with the aid of philology. The early utterances of man 
nave become stamped with a certain degree of immortality. The 
Celtic and the Hindoo, the early Persian, the Hellenic and Latin 
rac(js betray the community of their origin in the dialectic afly* 
ti(»s of the tongues they speak. On the bank of the Tigris and the 
Euphrates, the Arab employs a language which is the lineal de- 
seiMiilant, with few fundamental changes, of that spoken by his 
fore lathers in the days of the Hebrew patriarchs ; whilst in the 
S(;mitic names scattered along the shores of the Mediterranean 
Sea and eastern coast of Africa, we have unerring indications of 
the i)rogress and settlements of early Semitic tribes. Howerer 
plastic and evanescent, under certain local conditions, character- 
istic forms of speech may be, they still aflford, in the history of 
mau, the key to many of the vicissitudes that have marked hii 
mignitiou3, \us eouv\v\v's\^,\v\a\vi\\wVi\v,\>k3&e.ocial \>oIifcy, the meas- 
ure ol many oV U\e, aUvAjwUi^, \>ni v?\\\v^,^\& ^ixy\x\.^>Ok.^sjs^ 
he is distiugvusY\e.v\ Uotvi \u* ^vi\\v>>N-\vie.\i.. 
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Aneieni Mining. — Interesting disooveries hare lately been made 
in the San Domingo mines of ^>ain, showing the methods of min- 
ing adopted by the ancients. In some of the mines, the Romans 
dug di*aining galleries nearly three miles in length ; but in others 
the water was raised by wheels to carry it over the rocks that 
crossed the drift. Eight of these wheels have recently been dis- 
covered bv the miners who are now working in the same old 
mines. Tne wheels are made of wood, — the arms and felloes of 
pine, and the axle and its support of oak ; the fabric being remark- 
able for the lightness of its construction. It is supposed that these 
"Wheels -cannot be less than fifteen hundred years old, and the 
"wood is in a perfect state of preservation, owin^ to its immersion 
in water charged with the salts of copper and ux)n. From their 
position and construction, the wheels are supposed to have been 
worked as treadmills, by men standing with n£^ed feet upon one 
side. The water was raised by one wheel into a basin, from 
which it was elevated another stage by the second wheel, and so 
on for eight stages. — The Miner, San Francisco, Col. 

Ancient Bronzes, — M. Fellenberg, of Berne, as the result of a 
long series of anaylses of ancient bronzes, in which he gives their 
composition and probable ori^n, sums up his opinions on the 
subject as follows: The first knowledge of bronze might have 
been brought to the tribes of the bronze period either by the 
Phoenicians or by some other civilized people living further towards 
the soudi-east ; but it then became a common property, and to a 
certain extent the type of a whole epoch of civilization. It main- 
tained and spontaneously developed itself, until, by the introduc- 
tion and preponderant diffusion of iron, the general and exclusive 
use of bronze, and at the same time the bronze period, came to an 
end. 

The Age of Stone, in France, — M. Gervais has described the 
bones found in a natural excavation, several ^rards lon^, in BaO- 
largues, France, which had been used as a burial-place in the age 
of stone. The bones were those of adults, and some indicated an 
advanced age ; in one case the femur was 0.465 metre long. A 
cranium, presented to the Academy of Sciences, had the typical 
foim of the white race, it being brachycephalous, without a trace 
of prognathism, and a well-developed forehead. The flint imple- 
ments found indicated the age to which the people belonged. He 
concludes, from the bones and other objects found, that during the 
age of stone the country of Castries ana much of Southiern France 
were inhabited by the race here indicated. 

Lake Habitations, — The tecent discoveries of M. Messikomer 
of Zurich, in the large turf-bed near Robenhausen, though they do 
not give the key to uie chronological enigma of the pale buildings 
and their inhabitants, throw considerable light on their manner of 
living and the condition of their civilization. It has been found 
that on this curious spot there were three of these old settlements, 
one on the top of the other. The two oldest settlements had been 
destroyed by fire, but the third, the pales of which do ivot q.<^\ssa&\» . 
of round wood, had been abandoned and not d^^Xxo^^^. fe^^^iK^<fe^ 
BoUlementa belong to the stone period \ iiO\.VJ!ckft ^^oXweJ^Nx^R'^^^ 
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bronze mr iron had been found, demonsta-ating very ooncloayely 
tbe distinct separation and lengfth of duration of the prehistoric 
so-called stone and bronze periods. These settlements on the bor- 
ders of Lake Constance are the largest and best-preserved of any 
of the lar^e lake villages of the stone period. 

Those desirous of pursuing the subject of the early European 
races are referred to a very full article on tiiis subject in the 
*' Quarterly Journal of Science,'' for July, 1866. 
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Henry Lonouevillb Hansel, B, D., Prof, of Moral and Metaphysical Phi- 
losophy in Magdalen College, Oxford, and JoHV Yxitch, M. A., of Ediatmigh. 
In two royal ootayo volumes, viz., 

I. Metaphysical Lectures. Boyal octavO} doth, ZJSO, 

II. Logical Lectures. Boyal octavo, cloth, 8UX). 

■sir O. ft L., by a Bpccial axnmgement vlth the fiunily of the late Sir WnUam Hnnlltoa, are flia 
■ntliarised, and only authorized, American publiahen pf thia distingniahed author'i matehiem 
lauiTVKLB ox Mbtafhtsics akd Lqqic. 

The above have already been introduoed Into nearly all oar leading 0(dl«gea. 

X,OOMI8' MLMMENTS OF GBOLOGY ; adapted to Schools and CoUeges. 
With numerous Illustrations. By J: B. Loomis, President of Lewisburg Unl* 
versity. Pa. 12mo, doth, 1J25. 

*Itia sorpaned by no work belbre the American pobUe.**— JL B. Mtdermmt LL, D., Freridad 

PlSJLBOnrS CHBISTIANITT TWE BJBJLIGION Of KATXmB. 

Lectures delivered before the Lowell Institute in 1863, by A. P. Peabody, 
D. D., LL. D., Preacher to the University, and Plummer Professor of Christian 
Morals, Harvard College. Boyal 12mo, doth, 1^. 

A maatariy production, diatogniahed tfxt Iti acuteneaa and eara crt neaa, ita fbree of logic and fid»* 
mm of ■ta te m an t, written la a ityle of singular accuracy and Iwauty. 

JPAZlST*a NATUMAZ THSOZOGT: lUnstrated by forty PUtes, with Be* 
lections from the Notes of Dr. Paxton, and Additional Notes, Original and 
Selected, with a Vocabulary of Sdentiflc Terms. Edited by John Ware, 
M. D. Improved edition, with elegant illustrations. 12mo, cloth, embossed, 

MJUrSJBJ^S nOIiBGOMENA I,OQICAf the Psychological Character of 
Logical Processes. By Henry Longueyille Mansel, B. D. 12mo, doth, 
1J26. 

TOZTNG ZAnZES' CLASS BOOK: a Selection of Lessons for Beading f^ 
Prose and Versep By Ebknbzer Bailey, A.M. Cloth, embossed, 1J25. 

1 



6imlb anb %mtnWB l^ubEraiums* 



^ATBJna MBKTAI* T^JJsOHOTMT i Inclmdliig the InteDeci, tbe taft 
billtlet, and the Will. By Josbpu Havket, Plrofeasor of InteUeotoal aft 
Moral PhiloMiphy, Chlea^ University. Royal 12mo, cloth, emboaaed, 2^ . 

U !• tuMtiiJ thb work will ba fonai pwilhaia— Uy dlfltfoguialied ftw ttM OoiuumBU iA 
MMiltynMatillMwholaMl^iaet ^ 



B.AVBK'a MORAJL rHIZOaOPETT: Indndlnfir Theoretical and Pnctkii 
Ethicff. By JosRPH Havkn, D. D., late Profeaaor of Moral and IntelkdHl 
riiiloaophy in Chicago Univenity. Boyal 12mo, doth, embosBed, 1.75. 

It !• •mlnmlly adnitUie In metiiod, and thoroogii ia diaeoHlon, and Hi Tiews oa vaatHM^m 
Nona la aiotala an dlaerimlnatiiif aad aooad. 

MOBKIKS' liBCTTTMHa OK MOMAX, SCJlBJfCM, deUrered belbre Ae 
Lowell Institnte, Boaton, by Mask Hopkims, D. B^ Preaident cf Wifflw 
College. Boyal 12mo, doth, IJSO. 

■^ Aa laportaat work final llM p«a or ooa or Am moat proAmnd ttilnkata of ttM aia. 

WATIjAirT>'a XLBMBNTa OF MOBAJL BCJLXiHrCB. By Frakd 

Watland, D. D., late President of Brown Unlveraity. 12mo, doth, 1 J5. 

WAYZsAJfI>'a MOMAIi aCIBNCB ABMZl>aJSJD, and adapted to tbe 
use of Schools and Academies, by the Anthor. Half mor., 70 ets. 

The same, Cheap School Editioh, boards, i6 eta. 

WATZAND'a BJLBMBNTa OV rOIilTICAX, MCOKOMT, By FSAS- 
CIS Watlano, D. D. 12mo, doth, 1.75. 

WATIiANJ>*a rOLITICAIs BCOKOMT A:BJtTl>a:EI>, and adspted 
to the use of Schools and Academies, by the Author. Half mor., 70 cents. 

All the above worka by Dr. Wayland are need at text-bodu in moat cS the ooUegea and li^ 
aehoola throughout the Union, and are highly approved. 

AGAaaiZ AJfl> GOULD'a ntlNCIPLBa OJP ZOOLOaT; TouchiBf 
the Structure, Development, Distribution, and Natural Arrangfcment, of the 
Racks of Animals, llring and extinct, with numerous Illustrations. For 
the use of Schools and Colleges. Part I. Comparative Physiology. ^ 
Louis Auassiz and Augustus A. Gould. Revised edition. IJM). 
PAJEtT II, Systematic Zoology. In preparation, 

**It b almple and elementary in iti style, full in iti illuatrationa, cotnprehenalTe in Ita range, yd 
well eondenaed, and brooght into the narrow oompaaa requlrite Ibr the purpoae Intended."— <SB^ 
i'« JoMmoi. 



MITTBK'a GBOGBATH'ICAZ aTUDIBa. Translated fW>m the Gennu 
of Carl Rittcr, by Rev. W. L. Gagb. With a Sketch of the Author's Life, and 
a Portrait. 12mo, cloth, 1.50. 

Thia Tolnme containa the grand generallsatlona of Ritter'a Ufb-woriE, flie £rdk11nde. In c^lMa 
Volumes I his lectures on the Relations of Geography and Hlatory, and a nanaberoT impoitut 
Vpers on Fhysical Oeography. 

J^MOGnEaaiVE penman auir. Plain and ornamental, for the ose of 
Schools. By N. D. Gould, author of " Beauties of Writing," " Writing M** 
ter*8 Assistant,'* etc. In five parts, each, 20 cts. 



6imlb an^ J)tmoln'$ ^uMuatbmf. 



MOBJST'S TMESAUItUS OV BNQIilSB WOBI>S AITD THBA8BB, 

BO dassifled and arranged as to facilitate the expression of ideas, and assist in 
literary composition. New and improved edition. By Peter Mark Booet, 
• late Secretary of tlie Royal Society, London, etc Revised and edited, with a 
List of Foreign Words defined in English, and other additions, by Barnaa 
Sears, D. D., President of Brown University. A New American Edition, 
with Additions amo Improvements. 12mo, cloth, 2.00. 

Hie first American edition having been |n«pared by Prof. Sean ibr ttneily edMoaKoiial pmrpote*^ 
fboae words and phrases property termed ** vulgar," incorporated in tlie original work, were omitted. 
Thaae expntgaled portions have, in the present editton, been restored, but by such an aimngement 
of the matter as not to interfere with the educational purposes of the American editor. Beiid-. s 
this It contsins important additions not in the English edition, of 'words and phrases, and also an 
sAphabefleallistof **FoRBiov Words akd Pbrasbs"— Latin, French, Italhm, Spanish, Oreek« 
etc. — which most firequently occur in works of general literature, defined in Kagtlsh, making it 
In aU retpecta more fvU and perfect than the OMihot'n editioH. 

OVTOT'8 JEAMTSr Aim MAN; Lectures on Comparative Physical 
Geography, in its relation to the History of Mankind. By Arnold Guyot. 
With Ulnstrations. 12mo, doth, 1.75. 

OVTOT'S MUBAX, MAJPS. A series of elegant Colored Miqm, projected on 
a large scale for the Recitation Room, consisting of a Map of the World, North 
and Sooth America, Creographical Elements, &c., exhibiting the Physical Phe- 
nomena of the Globe. By Professor Arnold Guyot, viz., 

enrXOT'a XAJP OW the WOBZn, mounted, 12.00. 

€hUTOT*8 MAJP OJF KOBTS AMEBIC A, mounted, 11.00. 

e^VTOT'S MA^ OF' SOUTH AMEBIC A, mounted, 11.00. 

fUTTOT'S GEOGBATHICAZ MLEMENT8, mounted, 11.00. 

■^ These degant and entirdy ori^nal Mural Maps are projected on a huge scale, so that wfasn 
suspended la the recitation room they may be seen ftom any point, and the delineations without 
^nillculty traced diatineay with the eye. They are beautiftilly printed la colon, and acatiiy 
nonntedfbri 



nABTON*a EAST ZESSONS IN ENGLISH GBAMMAB^ tot Touig 
Beginners. By W. S. Barton, A. M. 12mo, half mor., 76 cts. 

Derigned as a Sbqcbl to m Author's Nsw Ststkm of Eiioush Grammar, u^iiek 
teaa A gmdoal latroduelkMi to flks first priaelpka of com wMUkm. 

MABTON'S NEW INTEBMEI>IATE SYSTEM OJF ENGLISH 
GBAMMAB, By W. S. Barton, A. M. 12mo, half mor., LOO. 

MABTON^S rBACTICAL EXEBCISES IN ENGLISH COMPOSI- 
TIONf or, Tub Young Compober's Guide. By W. S. Barton, A. M. 
12mo, half mor., 1.00. 

JfABTON'S HIGH SCHOOL GBAMMAB f or, an Exposition of Gram- 
matical Structure of the English Language. By W. 8. Barton, A. M. 12mo. 
hj df mor., lUK). 

Tl^ above works by Frafl Barton, designed as text-books for tii« use of schools aad »• 
■IS Hi* result of kmg experience, and wiU be found to possess many and peculiar OMri^ 



(Smilb an^ "Si^olaB ^ttblkations. 




ariLLMB^a CMUIBM OW THM MMraWBYt or, aSi 

tiM FMsimiBroiit DepoilU of the HeteldM. WUh fUmWiw of a GMogM; 
or, Ten TbooMnd MUm oror tbe FbitUiftrotti DepoolU of SeoUud. ISm, 
pp«IM,dotti,1.78. 

KJZXJPJI'/f BHBATn, Hlftorlod and BlofrapUeid, F^iUtlMl and BocU.Ut' 
•nuy mnd SoieBtlfle. Bj UuoH lffu.icm. With Preflwo bj Ftttar Bipi. 
12IIIO, doth, IwS. 

miJLZMB^a rOOT-PRHrrH OW THX CnXjtTOnf or,tiioAiteok|h 
of StnmuwM, with iraiiMroiu lUiurtnitloiis. With a Xevoir of the ABtiMTihr 
Louis Aoamu. ismoi doth, 1.7S. 

MILI»MM>a riBBT IMrMMBBIOJrB Or JBW€tX,ALNJD AKB US 
rBOBJLX. With a finoKoffimTliiff of the Author. ISmo, eloth, 1 JO^ 

UILT^XM'B UXADBBIM* OW CHMIBT, and the Btgbts of tbe CfarirtH 
People, a Gollcetioa of Penonal Poi^nitiires, Hiatorleal and DMorijtfri 
Bh e tehee and Euayi, wUh the Anthor^ celebrated JjgUer to Lord Bwejlw 
By Hugh Xilijuu Edited, with a Prelhoe, bj Pbtkb Bathk, A. IE. 12m, 
oloth,U5, 

MTZLISR^B OLJ> XMJ> BAlTDBTOlfJB f or, New .Welka In an Old IleM. 
Illiutratcd with Platei and Geologleal Seetkma. Nkw Kditioh, Rktisid 
AHD MUCH Eklarokd, bf the addition of new matter and new mmtntioH, 
Ac. 12mo, doth, 1.7ft. 

MILZBB'S POruI^AM GXOZOOTf With I>eBcrlptiTe Sketches fromt 
Geologist's Portfolio. By Hugh Miller. With a Besume of the FrofreN 
of Geological Science daring the last two years. Bj If bs. Milleb. 12mo, 
doth, 1.75. 

MIJjLBB'B BCMOOZa ANJ> BCBOOZJirjiaTJBJia f or, the SU^ otmj 

£dDcation. An Autobiogkapht. With a flill-length Portrait of the Author. 
12nM>, 1.76. 

MILLBB'B TAJjBB AKjD SKBTCJOMS. Edited, with a Pre&oe, fte^ by 
Mrs. Millkb. 12mo, lUX). 

Among the sulj^ieots are: SecoIIectlons of Feigason — Bams — The Salmoi 
ITlslier of UdoU— The Widow of Danskaith— The Lykewake — Bill Whyte- 
The Young Surgeon— George Boss, the Scotch Agent — ITCnlloch, the Medi- 
anician—A True Story of the Life of a Scotch Merchant of the EighteenUt 
Century. 

MfTLJjEB'8 TBSTIMOXY OB THB BOCKB ; or, Geology in its Bew- 
logs on the two Theologies, Natoral and Revealed. ** Thon ahalt be in leagu 
with the stones of the field."— Job. With nomeroqa el^^ant IllnstrationB. 
One volume, royal 12mo, cloth, 1.75. 

HUGH MILZBB'B WOBKS, Ten volumes, nnlform style, in an elegsnt 
box, embossed doth, 17 ; library sheep, 20 ; half calf, M; antique, 3i. 

<CAULAT ON aCOTJLAND, A Critique flrom Hugh IDlleb's "WI^ 
«S8.» l6mo, flexible cloth. 37 cts. 



Simljtr antr pnt0ln's l^iiblitaiumd. 



CSAMBXBS' CTCIiOPJEJ>UL OF BKOIilSU lilTBMATimX. A 

Selection of the choicest prodactions of English Aathors, Arom the earliest to 
the present time. Connected by a Critical and Biographical History. Forming 
two large imperial octavo volames of 700 pages eadi, double-column letter 
press ; with iq>wards of three hundred elegant Illustrations. Edited by Kobkbt 
Chahbebs. Embossed cloth, 6.50; sheep, 7JK>; doth, ihll gilt) 0.00; half eaU*' 
12.00; fliU calf, 16.00. 

Thb woik cmbnoM about one UumMmd Avthon^ ehronoloi^caUj amaged, and Ttlswtnl M 
poeli, hlflorisiM, dnunstiftt, philoaopbera, metaphyricUuu. dlTiii6i,aen with ebotoe Mleefionf froiii 
fh^ wiitingi. ooanected by a Bk^«phteal, Hiatorieal, and Gittleal Kanatfrei thus pnaentbif a 
complete yiew of EngUab Literatute from tbe earliest to tbe preaent ttme. Let tbe reader opea 
where be will, be cannot lUl to find matter for profit and deligbt. Tbe leleetloni are gema— 
Wllnile xtebea In a Uttle roomi In tbe iangoage of another, ** A wholb Evoush Libsaxt rvsio 
l>owir ivTO ova Cbxap Book.** 

a^ Tan Ambbicajt edition of tbif Talnable work it enriched by the ad^tton of fine steel and 
aaexaotint engravings of tbe heads of fiHAZsPBABk, AoDiaov, Btaovt a fbII4engfli portrait of 
I>a. JoBirsovi and a tteanttflui seenio reprfsentation of Olivbk Ooldsmith and Da. Jdairsoir: 
These important and elegant addiii<ms, together with superior paper and Unding, and other lia- 
pvovements, reader tbe AMiaiOAir llur saperfor to flie Bai^lsh edUsa. 

CMAMBBIL8' JBTOMJB BOOK; or, Pocket Miscellany, containing a Choice 
Selection of Interesting and Instructive Reading, fbr the Old and Young. Six 
Volumes^ 16mo, doth, 6.00; library sheep, 7.00. 

JLRriNB'8 CTCZOBJSniA OB AlTBCnOTBS OB ZITBBATUBI^ 
ANJ> THB BINB ABT8. Containing a copious and choice Selection of 
Anecdotes of the various forms of Literature, of the Arts, of Ardiltectare, 
Engravings, Music, Poetry, Painting, and Sculpture, and of the most celebrated 
literary Characters and Artists of dllTerent Countries and Ages, fcc By 
Kazlitt Arvine, a. M., author of " Cydopaedia of Moral and Religloua 
Anecdotes." With numerous illustrations. 726 pp. octavo, doth, 4.00; sheep, 
5.00 ; . doth, gilt, 6.00 ; half calf, 7.00. 

This is unquestionably tbe choicest eoUeeUoa of Jneedotu oyer publbhed. Jk eontains Area 
ihomaand ami forty JbucdoteB: and such is tbe wonderftal Tarlety, that it will be fbund an Sbnosl 
Inexliaustible frmd of faiterest fbr ereiy class of readers. Tbe etaborato elaasiJIealioa and Indexes 
roost commend it especially to publie speakers, to the various classes of Itergry tmd sefcnH^ tneii, 
toar'is<s.medhaiife«.andoMerfl,as a Dictiov art /or r^fertnee^ in relation to fbeti on tbe num* 
barkassnlfecta and ebacaetors introduced. There are also BMne tban oaa Aawirsd and J(^>ln« 
JQMMtrationM, 

BATKB'8 B88AT8 UT BIOGBABBTT AUTD CBITICIBJC By 

Pbteb Bayne, M. a., author of '* The Chriatian Life, Social and Individual.'' 
Arranged in two Series, or Parts. 12mo, doth, each, 1.75. 

These Tolumes have been prepared and a number of the Essays written by the author ezpresdy 
ibr his American pnblisheiai 

TMB liANJDINQ AT CABB ANNB ; or, Thb Chabtbr of thb First 
Permanent Colokt on the Territory of thb Massachusetts Cost- 
pant. Now discovered, and first published fW>m the original manuscript, 
witli an inquiry into its authority, and a History of thb Colony, 1624-1628, 
Roger Conant, Governor. By J. Wdtoate Thornton. 8vo, doth . 2.50. 

19* ** Arare contribution to the early histocy of New England.**— Jburaol. 



(SBiiIb anb "^intalxtn ^itbliradUons* 



AinnrAZ or bcientifio macorisBT jfox ise4; or, Te« 

Book of FlieU In Science and Art, exhibiting the raort Important DiteoTeries 
and Improvements In Mechanics, Usefbi Arts, Natural Phlloeophy, Chemiftry, 
Astronomy, Meteorology, 2MSlogy, Botany, Mineralogy, Gecdogy, Gecgrtphy, 
Antiquities, fte., together with a ll«t of recent Bdentiflo Publications; adsui- 
fled list of Patents ; Obituaries of eminent Sdentifio Men ; an Index of Impoh 
tant Papers in Sdcntifle Journals, Reports, &c. Edited by David A. Wellb, 
A. M. With a Portrait of General Q. A. Gilmore, U. S. A. 12mo, 1.75. 

VOLVMKS OP THE 8AHK WoBK for years 1850 to 1864 (fifteen yo1s.)i with tiie 
Likeness of some distinguished Soientifio or literary man in each. L75 per 
T<rfame. 

The whole Series bound in unifbrm style, and put up In an ekf^anty snhstMrtlri 
box, 26.25. ^ 



Thla work, Imod aaniunx, eonteini all Importnit flKte dlaoorwed or ammemmBtA datfaif tti 
yssr. s^EadiTolnm«i«dIstliietinltaelf;uideoBtaiiuiaiAf«4riiewmaffer. 

• 

TB!J7 rZiUBAIilTT OIF WORLJ>8, A NEW Editioh. With a Sufpu- 
jnoTTART Dialogue, in which the author^ BeTiewen are reyiewed. 12mo, 
doth, 1.50. 

TSJB MOMAJfCB OF JfATTTRAJL JBLISTORT. By Phiup Hkhbt 
GoasB. With numerous elegant Illustrations. 12mo, doth, 1.78. 

THE KATVBAIi HISTORT OF THJE MUMAJT SIPHCIES ; l\» 

Typical Forms and Primeval Distribution. By Ciiaklbs Hamiltox Smith. 
With an Introduction containing an Abstract of the views of Blumenbadi, 
Prichard, Bachman, Agassiz, and other writers of repute. By Samuel Kkke* 
LAND, Jr., M. D. With elegant Illustrations. 12mo, cloth, 1.75. 

TJUEATISE ON TMM COMPAltATZVE AKATOXT OI' THJB AS- 
IMAL KINGX^OM, By Profs. C. Th. Von Sikbold and H. STAiraius, 
Translated Arom the German, with Notes, Additions, &c. By Waldo L Bub* 
NEXT, M. D., Boston. One elegant octavo volume, cloth, 3.50. 
Thb is believed to be inoompsnbly the beft and moiteompletBwoxkoattM Bol^jeett 



THE CAMBIi ; His Organization, Habits, and Uses, oonsldered with refbr- 
enoe to liis introduction into the United States. By Gbobgb P. Mabsh, Ista 
U. S. Minister at Constantinople. 12mo, cloth, 76 cts. 

9 

TNFIiTTMNCX: OJP TUB JII8TOBT OF SCUENCX! JTJPOir TNTEZ- 
ZJSCTUAZ EDUCATION, By William Whewkll, D. D^ of Trinity 
College, England, and the alleged author of ** Plurality of Worlds." 12mo, 
cloth, 40 cts. 

KNOWLEDGE IS TOWER. A view of the Productive Forces of Moden 

JSodety, and the Besults of Labor, Capital, and Skill. By Charles Knight. 

Tith numerous Illustrations. American Edition. Revised, with additions, by 

^ViD A, Wells, Editor of the ** Annual of Sdentiflo Diaooyery." 12mo» 

Jth, 1.76. 



^mtlh anb ^tiitoln's l^lkttti 



aOUZl>*S MOZZU8CA Ayi> BH1SLZ8. By AUOUSTUS A. GOULZf, it 
D. (United States Explokuio Expedition, dorinf the yean 1838, 1830^ 
1840, 1811, 1812, under CuAEUfiS WiULES, U. S. N. Vol. XII.) Elegant quarto 
Tolume, doth, net, 10.00^ ^ 

OOUJLn'8 ATJLJLS TO MOLXU8CA AUTJ^ BHBZItB. By A. A. OoiTLD, 
M. D., kit. One yolume quarto. Elegant EngnTings on atone. In aheetii 
plain, net, 26.00; in sheets, colored, net, 40.00. 

^^EOGBATUICAZ J>I8TMIBUTION OV AlfTMAZ8AJn> rZAXTS* 

(United States Exploring Expedition; daring the years 1838, 1830, 1840^ 
1841, 1842. under Charles Wilkes, U. S. N. Vol. XV.) By Chasles Pick- 
ering, M. D., Member of the Seientiflc Corps attached to the Expedition* 
One volome quarto, doth, 4.00. 

€fOUIiD*8 OTIA CONCMOLOGICA, Descriptions of Shells and H61- 
lusks, from 1830 to 1862. By AuousTUS A. Gould, M. D. Oetaro, doth, 2.00$ 
stiff paper corer, 1.60. 

MOJDMRir TREKCU LITEMATXTMB. By L. RAYMOND DB yBBICX>ITR. 
Herised, with Notes, by William S. Chase, A. K. With a fine Portrait of 
Lamartine. 12mo, cloth, 1.76. 
**TlM(m];f oompletetrMitfMoattiistaldeel, dthmrUiFreiidiorEiigUah.'*— X T. E v tmimg F^m, 

JfOTES ON THJS UNITEI> 8TATE8 OF AMERICA. By T. H. 

Gband Pierre, D. D., Pastor of the Beformed Church, Paris. lOmo, doth, 66. 

^^rEITUAXiI8M TE8TEI>$ or,theFact8of its History Classifled, and their 
Caase and Nature Verified from Andent and Modem Testimonies, hy Georox 
W. Samson, D.D., President of Columbian College, WastUngton, D. C. lamoy 
doth, GO. 

SmAGUE'8 V18IT8 TO EUMOrEAJT CELEBRITIES. By the Bar. 

William B. Sprague, D. D. 12mo, doth, 1.60 ; doth, gilt, 2.00. 

6MITW8 nZGRIMAGE TO EQTPT ; embradnga Diary of Explora- 
tions on the Nile, with Observations Illustrative of tlie Manners, Customs, and 
iBBtttotlons of the People, and of the present condition of the Antiquities aad 
Bnins. By Hon. J. V. O. Smith, late Mayor of the City of Boston. With 
numerous elegant Engravings. 12mo, doth, 1.76. 

t^E STO^T OE MT CAREER, as Student of Frieberg and Jena, and 
Proftssor at Halle, Breslan, and Beriin. With Personal Beminisoenoes of 
Goethe, Schiller, Schelling, Schleiermacher, Fichte, Novalis, Schlegel, Neander, 
and others. By Hein&ich Stbffens. Translated by William L, Gage. 
16mo, 1.00. 

• 

ANCIENT LITERATURE ANB ART, Miscellaneous Essays on sub- 
jects connected with dassical Literature, with the Biography and Correspond- 
ence of eminent Philologists. By Prof. B. Sears, President of Brown Univer- 
sity, B. B. EDWARDd, of Andover, and C. C. Felton, of Cambridge. Second 
thousand. 12mo, doth, 1.76. 

n 



^onUr ftiUir ITituoIn s l^nblkaixoys* 



XJjrS, TIMBM, Jjn> COBUJBSrONJDXJrCJa OV ^AXKf^ MAM» 
JSrjXO, AMD TUB Eaelt UiSToaT OF Bsows UinvKBSiTY. By Rkubo 
ALDHtooB Guild. With Ldkenettet of Pii^sldent Kannlng and Nkinltt 
Brown, Views of Brown UniTenity, The Jlnt Baptist fg*"»-4i, Fn»TideMe,ibk 
Bojal 12nio, eloth, S.OO1. 

A MOtt l«portMit aad latwMtli btoteleal ' 



MJSMOTR or eUSOBGB JV. BBTOOM, X£. J>., late Gorcmor of ]!»•• 
chutetts. By W. C. Kichabds. With UiDstrationa. Boyal 12mo. tM 

TBM ZIFE or JOWSr XJX0TOV, narrated In eofnnec U on with the Foi» 

XCAL, ECCUCttlAirnCAL, A3ID LiTKRARY illSTORT or HIS TiMK. By DATID 

MA880N, X. A., Profetaor of English Llteratore, TJnirersity CoOege, Loodoi. 
Vol. I., embnicin«;f the period fh>in 1006 to 1630. With Portrait* and npirfw 
of his handwriting at diftrent periods. Bojal oetaro, doth, ZJSfk 

TiirE AND CORBBSrOKnBNCB Or BBT-. l^AJflMIs WrLBOJt, 
2>. I>,, late Bishop of Calcatta. By Ber. JosiAix Batsman, M. A., Beetflr 
of North Cray, Kent. With Portraits, Map, and nmneroaa Uliutntions. Om 
Toiome royal oetaTO, doth, %M. 

WtT' An inUrMtiaf lift of a gnat and food ; 



Trnm Z>irJB AJn> times or ^OHE MJrS8f or, Hm BohemliB Belbr 
mation of the Fifteenth Oentuy. By Ber. B. H. Guxstt. Two toIs. wpk 
octavo, 7.OO1.' 

** The anther,** M7t the iV^ FoHt OtafMr, ••hat aehiervd a creat work, peiftnaed a TaWHi 
■enrlca for Froteatantlun and the worid, made a name fix- himaelf among reh^ng hintrmiBf , —^ 
intMluced a book that win hold a luomlaoiit pteos in tha eateem of evviy raUsloas aehote 

The Jl^ew York Evamgetut apeakaof ltaa**oneorflie moat rahaable eoirtrllmttoaitowwh"^* 
sal hktoiy yet made in thu ooontnr.** 

MEMOIB or TME CHBXSTIAK ULBOBS, ^a9tarmi and Phiim' 
thropie, of TMOMAS CHAJJMEBS, B^n. Is.JJ. 2>. B7 Fravois Wat 
LAND. 16mo, cloth, 1.00. 

The moral and inteUeetnal greataeta of Chalmers la, we mjgfat aaj, orerwhelniing to the aiiadd 
the ordinal^ reader. Dr. WayUaddrawi the pOTtraitnre with a maater hand. — Method. QnaitBif; 

JjJEE or JAMES MOXTGOMEBT, By Hrs. H. C Ksioht, anthor d 
**Lady Huntington and her Friends," etc Lilceneaa, and el^;ant Illiistntod 
Title-Page on steel. 12nio, cloth, 1.60. 

BIABT AJfJ> COBBESPOHBEJfCE OE AMOS IiA JFBEKCE. Wttk 
a brief accoont of some Inddents in his Lift. Edited by his son, Wk. B. \kih 
HKNCE, M. D. With degant Portraits of Amos and Abbott lAwrenoe, an Sip 
graving of their Birthplace, an Autograph page of Handwriting, and a eopiiMl 
Index. C-ne large octayo volume, cloth, 24S0. 

T^B Samb Wobk. Boyal 12mo, doth, 1.7S. 

J>B, OB ANT ANJD THE MOXTNTAIN KESTOBIAJTS. By Rev. THOM- 
AS Laurie, his surviving associate in that Mission. With a Likeness. Miy o( 
the Country, and numerous Illustrations. Third edition. Revised and improve! 
l!2mo, doth, 1.75. Z!^ ^ mo«\. x^woXJV^ xcieox^Vs <a»l^ v«smQirfiKU^(«. man. 



^ottSb anb fmmln's .f ublwatioiw. 



LTXA C€BZJB8TI8. Htmns on HKAYSf. Selected by A. C. TROMPSCn^ 
D. D., author of the " Bbttek Land." 12mo, eloth, red edges, U6. 

Five Edition, Tinted Paper. Square 8vo, eloth, red edges, 2UM> ; doth, g^t, 
S^ ; half calf, 6.00 i ftill Turkey mor., 8.00. 
•r A chmmdng woric, containing « eoU«etion of genu of poetry on Heavan. 

90TTJB[0Ij1>'8 EMBIiEMS ; or, Invisible Things Understood by Things that 
are Made. By ChbistianScriver, Minister of Magdeburg in 1671. Translated 
from the Twenty-eighth German Edition, by the Bev. Bobbrt Msnzies. 8ro, 
cloth, 1.50. 

' fiNB Edition, Tinted Paper. Square 8vo, doth, 2 00 ; doth, gilt, ZJSO \ half 
Turkey mor., 6.50 ; Turkey mor., 7.00. 

\ TMM JEXCJELZJENT WOXuLN, as Described in the Book of Proverbs. 
! With an Introduction by Rev. W. B. Spraoue, D. D. Ck>ntaiiiiiig iweniv'faur 

gpUndid lUustrations, 12mo, cloth, 1.50. 
[ V'lNE Edition, Tinted Paper. Square 8vo. New and greatly improved edition, 

doth, red edges, 2.50; doth, gilt, 3.50 ; half calf, 4.50; fiill Turkey mor., 7.00. 



i 



MOTMJEB8 OF THJS WISE ANI> GOOI>. By JABBZ Burns, D. 0. 
16mo, doth, 1.25. 

jrr MOTELEJi f or. Recollections of Maternal Influence. By a New England 
Clergyman. With a beautiful Fronti8];>iece. 12ino, doth, 1^ ; doth, gilt, 1.50. 

OTTM lilTTJLM ONJE8 JX HE A YEN. Edited by the Author of the ** Aim- 
well Stories," etc ISmo, doth, 90 cts. ; doth, gilt, 1.25. 

Tlili little vdoma eontain* a choice collection of pieces, in vene and vnttt on the deatti sad 
fltatave happinew of young children. 

XtlTTItE MAJEtY, An Illustration of the Power of Jesus to Save even the 
Youngest. With an Introduction by Baron Stow, D. D. 18mo, doth, iO cts. 

€fA.THEBEl> ZIZIE8 ; or. Little Children in Heaven. By Rev. A. O. 
Thompson, Author of " The Better Land." 18mo, flexible doth, 40 cts. ; texU 
Idedoth, gilt, 45 cts. ; boards, fUll gilt, 60 cts. 

BJLFE HOME; or, the Last Days and Happy Death of Fanny Kenyon. With 
an Introduction by Prof. J. L. Lincoln, of Brown University. 18mo, flexible 
doth cover, giK, 42 cts. 

WnBALTM; IT8 EEIENB8 ANB ITS EOE8. By R. D. MUSSBT, M. 
D., LL« D., &c., late Professor of Anatomy and Surgery at Dartmouth College, 
and of Surgery at the Medical College of Ohio. With Ilhutratioiis and a Por* 
trait of the Author. 12mo, doth, 1 JSO. 

TME EVENIxa OE ZIEE ; or. Light and Comfort amidst the Shadows 
of Declining Tears. By Rev. JerbmiAh Chaplin, Y>S>, A new, revised, and 
much enhirged edition. With degant Frontispiece on Steel. 12mo, doth, 1 JSO. 

FiNB Edition, Tinted Paper. Square 8vo, doth, red edges, 2 JSO ; doth, gflt, 3Jn. 

MTTTSL : A SoNO nr the Desert. 16mo, do**** ^rible covers, gOt, 00 cts.; 
doth, boards, gilt, 66 cts. {^ A neat and mosi oharming little work. 



t^avJSi an^ ll^intola'% l^nbiuaiimn. 



WIZZIAMB'0 ZXCTUnXS ON THM JDOMn'S :PMULTXn. Bjltr 
LIAM B. WlLUAMB, D. D. TUrd edltloii, 12mo, dotb, IM* 

•*W«M«eMulHitlyi«iiriB4«d,Uiwdl^hli ale q ot a t pwgw, of th« oM Wa^Uk ^iMm,iMi 
Hfoimu thooffht, and forfMNU inuiffeTy, aad TMwd iMmteg. hmw mmim tlHlrvrilipaiM» 
luHMttbto BiM tor ttM Mhokn of the p tm nt daj."— Cft. Oteerver. 

iri£XX^jri8'« UISCXLLANLEB. Bf WlUJAM B. WiLUAMa,D.1>. Iw 
and improTed edition. 12nio, doth, 1 76. 

"Dr. WUlkuBi b ■ yratMOMl nholMr and s brUHMt witar.**^ JT. r. 



WILZIAMB'8 MJBZIGIO UB PBOGBXSS ; Dlsoonnes on the Derdopwit 
of the ChristiMi Character. By WiLUAJt B. Wii«uams, D. D. Thiid edittoa, 
12mo, oloth, 1.25. 

** Hit fowOTofcpC Mid IbfclbleniulntlMi to vftfiovrtapandMamoog modem wrftan. IteOTk 
feiMfpilaf IbIo lUbbeMefli ttM nu^te^of Utfttdlnt iBMglBalioa. Bat ttua i« ■•««« flM» 
fenM of toUdlty of thoofht, or •Crength'of •rganMni. It la Mldoia, indeod, that a aiiBd rf a 
Bueh poalleal taiTwtloa jtoU* aaeh a wflUiiff hoaM«« to the lofical < 



HAUnrS'S GIUBAT TF^CJT^JB; or^Chameterietloeof onrLonPslflib. 
try. By John Harris, D. D. With an Introdnctory £8My by H. Huxphbit, 
D. D. Sixteenth thoaiand. 12mo, oloth, 1.60. 

**l>r. Babbis to ona of tha beit writan of Cha agat and ttdi toUubb wlfl not in Oa kMl dAfll 
hem Ma ibH MoHlad lap ahrtloa.'*'- ^jawrfcaa PmipIL 



HAJtniB'B GRJBAT COMMISSION; or. The Christian Chnreh eonrtitBted 
and charged to convey the Oogpel to the World. A Prize Essay. With aa In- 
trodttotory fisaay by W. B. Williams, D. D. Eighth thousand. 12mo, dotb, 
1.76. 

** Thto Tolnina will aflbrd fba raadar an intoDeetiial aad ■pfaitaal banquet of tha hlghBetoidar.*'- 
Philaddpkui Ck. Observer, 

MAMXIS'S MAN PMIMSVAZf or, The Constitution and PrimltiTe Cob<9> 
tion of the Human Being. With a flnely-engrared Portrait of the Aathor. 
12mo, cloth, 1.80. 

** Hlf eopioui and beauttftil lUiutrationi of the ittceeerive lawi of th« Divino MaailMatfoa ton 
yieldad ut in eaq wrw elMa daUght.''— Ltmdom Ecleetw Review. 

HABBIS'S mE'AI> AMITE EAMTH. Contributions to Theologietl Sd- 
enoe. By JOHX Harris, D. D. New and revised edition. 12mo, cloth, liO. 

** "We have never ecen the natural tciencee, partienlarly geology, made to give ao deeided aad vh 
impeaohabto teiCimoay to revealed truth.** - ChrishoH Mirror. 

MABBIS'S rATBIABCHTf or. The Family, its Constitotion and Prota- 
tion. 12mo, doth, 1.75. 

Thto tothe toet of Dr. Harrto*! valuaUa eeriee entittod ** Gontributtona to Tlieologiad Betonee." 

HABBIS'S 8EBMON8, CHABOES, ADDBE8SE8, etc., delivered by 
Dr. Harris in various parts of the country, during the height of his repatf 
tion as a preacher. Two elegant volumes, octavo, cloth, each 1 JM, 
Tha immauN Mda of alLU^aaKhoifa'irQ(£ka«»aAft^aBks&xVs^k^^ aad giaat popukritf • 



drnda anlr ^incofat's Ij^vMkBdSanm. 



TMB TJTRITANS ; or. The Coort, Chnrdi, and Pftrlia»eiit of En^nd, 9m!h 
ing the reigns of £dward VI. and Rlizabeth. Bj Samubl HOpkhcs, anthoff 
of Lessons at the Cross," eto. In 3 toIs. OctaTo, doth, per toL, 3UX>; sheep^ 
4X0; half calf, <UX>. 

It wm be fbtnid OietBOit IrterHfiaar and Tvlhlile HMoiy of Am PutlnM j«C ptdiB^^ 
la a dramatie alijle, tamaj ftcta hittieito nakaova. 



TMB BRJBACHBS AlTD TELE KING ; or, Boardakme In the Gout of 
liOois XIV. ; being an Aeooant of the Ptalpit Eloquence of that distinguished era. 
Translated fnm. the French of L. F. Bcnoexer, Paris. Introduction bj the 
Bey. Gbobgb Potts, D. D. A new, iu^itroved edUioHf with a fine likmeas and 

a BlOOBAPUICAL SlLKTCH OF THB AUTHOR. 12niO, dOth, 1.50. 

TBTE JPRIB8T AND T-HJE HVOUJENOT; or, Pemeention in the Age of 
Louis XV. From the French of L. F. Bungeskr. Two vols. 12nio, doth, 3.00. 

•r Thb is not onl J a work of thrilling interest, — no flctioii eodd exceed it,— bat, aas 
, it is a nusterijr prodaetioa. 



THB rUTuPlT OB THB AMBBICAN BBVOIsVTION ; or. The Po- 
litical Sermons of the Period of 1776. With an Historical Introduction, Notes, 
Illustrations, etc By John Wingatb Thoritton, A. M. l2mo, doth, 1 J5. 

THB JLBAHEB8 OB THB RBBORMATION, Luthbr, Calycv, Lat- 
IMXR, and Knox, the representative men of Germany, France, England, and 
Scotland. By J . Tulxoch, D. D., Author of " Theism," etc ISmo, doth, IJSf^ 

A portrait gallery of sturdy lelbrmers, drawn by a keen eye and a strong hand. Dr. ToUodi dia- 
•rimiaatesdeaiily tlie personal qoalitles of eaefaBefcnner,aBd commends sad edttdssa with eqaal 



THB HAWAIIAN ISIiANJ>8; their Progress and Conditioii under Mis- 
sionary Labors. By Rufts Anderson, l>,l>.^ Foreign Secretary <^ the 
American Board of Commisrioncrs for Foreign Missions. With Maps, lUna- 
tration8,etc Royal, 12mo, cloth, 2.25. 

WOMAN ANH HBR SAVIOUR in Posia. By a Returned Miasiov- 
ART. With beautiful Illustrations and a Map of the Nestorian Country. 12bo, 
doth,1.2S. 

JjIOHT in 1>ARKNBS8; or, Christ Discerned in his True Charaeter by a 
Unitarian. IGmo, doth, 00 cts. 

LIMITS OB RBIlGIOUa THOUGHT BXAMINBD, in Eight Lec- 
tures, delivered in the Oxford University Pulpit, in the year 1868, on the 
**Bampton Foundation.'' By Reu. U. Lonouevillb Mansel, B.D., Header 
in Moral and Metaphysical Philosophy at Magdalen College, Oxford, and Editor 
of Sir William Hamilton's Lectures. With Copious Notes translated ftar 
the American edition. 12mo, doth, 1.60. 

THB CRUCTBLB ; or. Tests of a Regenerate State ; designed to bring to 
light suppressed hopes, expose false ones, and confirm the true. By Rev. J. A. 
Goodhue, A. M. With an introduction by Rev. £. N. Kirk, D. D. 12nio, 
doth, 1.50. 

SATAN'S HBVICBS ANH THB BBZIBVBR'S TICTORT. By 

Asr.WUiUAM L. Parsons, D.D. 12mo, doth, 1.50. 

1« 



fiimlb wpSh l^uimln's l^itblka&nni. 



CM UlhXN»B COKl>XK8JSl> COKCOMJ^AKCJB. A Complete Coneortaib 
to th« Holy Seriptare*. By Albxaxdbb Crudkh. BeTiscd and re-edlttd bf 
the Kev. David Kuo, LL. D. Ootero, cloth armbeeqae, 1.76 ; aheep, SJW. 

The condenntloB of Am quotaUloni of Serfphirei arranged nnder the most qtnrloM kaaii^iAli 
it dun w itk e B the bmlk of the work, greatiif/aeiUiateM the flndinf of any rpqnirrd paaMfi. 
** We have In this editkn of Grodea the be$t made tetter."— i>HntaM MeeorUar, 

MAJ^IJS'S ANAJLYTICAI, CONCORI^AHrCB OJP TJBX BOII 
aCRlPTURMB f or, the Bible preaented nnder Dlflttnet and Ctoirifci 
Heada or Toplet. By Johh B.\dib, D. D., LL. D., Author of ** Bibllcil Cyrio- 
padla,** '* lieoleriaatieal OydopsdU," « Dictionary of the Bible,'' ete. Onevri- 
ume, ootaTO,810 pp., doth, 4.00 \ sheep, (MM) ; doth, gilt, 5.50 ; half calf; MO. 

Theofcdaetof tUeConoordaafie bto pweent the BGairroKBa bittisb, nnder ( 
aad e»hanitive headi. It dlfllm flfom an ordinary Goneordanee, in that its 
■oloa woana, bat on goaJBcra, and Vbm T e w et aire pHmUd m J\dL 



KITTO'8 rOPUZAB CYCZOrJSl>IA Or BIBIilCAXi ZITMMA- 
TURB, Condensed fh>m the lai^^ woric By the Author, JouK KnrOi 
D. D. Assisted by Jambs Tatix>r, D. D., of Glasgow. With over five hn- 
dred lUostrations. One Tolome, ootaTO, 812 pp., doth, 4.00 ; sheep, 6.00 ; half 
calf, 7.00. 

A DiCTioiTABT or TBB BiBLB. Bervtnf alao aa a Oobuibbtabt, embodylBg the pndailicf 
tte beat aad nMMt leeent reaearehw hi MUleal lllanlare la wtdeh tha aeholna of SBNia «l 



KITTO'a HISTOBT OF PAZESTINS, from the Patrlandial Age to the 
Present Time ; with Chapters on the Geography and Natural History of the 
Country, the Customs and Institutions of the Hebrews. By John Kitto, 
D. D. With upwards of two hundred Illustrations. 12mo, cloth, 1.75. 

•9- A work admirably adapted to the Family, the Sabbath School, aad the week-d«y SchtelLi' 
brary 

WESTCOTT'S INTJtO'DUCTIOV TO THE 8TUI>T 0:F TSX GOS- 
PELS, With Historical and Explanatory Notes. By Brooke Foss 
Wbstcott, M. A., late Fellow of Trinity College, Cambridge. With an Intro* 
duction by Prof. U. B. Uacicett, D. D. Royal 12mo, doth, 2.00. 

a^ A mailerly work by a niaater mind. 

MJLZICOTT'S life of CHBI8T HISTOEICAX^JLT CONSID- 
EJtEn, The Hnlsean Lectui-es for 1859, with Notes Critical, Historical, and 
Explanatory. By C. J. Ellicott, B. D. Royal 12mo, doth, 1.75. 
wr Admirable in ipirit, and profound in argument. 

ftJLWTsINaON'a HISTORICAL EVIDENCES OF THE TRUTH 

OF THE SCRIPTURE RECORDS, STATED AJirEW,wlilkSv^(ii^ 

reference to the Doubts and Discv^vcries of Modem Times. In Eight Lectures, 
delivered in the Oxford UnivcrMity pulpit, nt the Bampton Lecture for 1859. By 
Gko. Rawlinson, M. a., Editor of tlie Histories of Herodotus. With the Co- 
pious Notes translated for the American edition by an accomplished sdioUr. 
12mo, cloth, 1.75. 

*The eoniummate leamlnir, judgment, and general ability, displayed by Mr. BawUnaoa la Ml 
Itton of Uerodotui, ax« exbUsttiwi Va UkJA ^mV «\«or — KortK^ AnMricon. 



$0]ilb anb "fincolan |Pnb£uBixims* 



TMX GJRXtTSON ZXTTJKMS, SelectkniB from fhe Correspondenoe of B. 
£. H. 6RET80N, £sq. Edited by Mkskt SoGSsa, antbor of *« Tht BfHpM «# 
Faith." 12mo, doth, 1.75. 

** The Letlen are loteUeetoal gemi, xadinit wifli beml|^, happily JntialngHiig iha graTe and fhe 
gaj.*'-'C3brutMm Ob mr ve r . 

XAsaosrs bbitism jrorxzisTS Aim thjsim amoBB. Betng 

a Critical Sketch of the History of British Prose Fiction. Bj Dayid Masson, 
M. A., Author of ** The Life and Times of John Milton," ko^ fce. 16ma^ 
aloth, 176. 

JII8TOST Of CJaiTRCH MUSIC IIT AHOSMICA. Treating of its pe 
cnliarities at different periods; its le^timate use and its abose; with Criti 
dsms, Cursory Bemarks, and Notices, relating to Composers, Teachers, Schools^ 
Choirs, Sodeties, Conrentions, Books, &c. By Nathanixl D. Gould, anthoi 
of ''Social Harmony," " Church Harmony," '^Sacred Minstrd," &o. 12mo» 
doth, 1.00. 

THE CA^TITB UT JPATAOOKIAf or, Life among the Giants. A "Per* 
eonal Narrative. By Benjamin Frankjlin Boubnb. With Hlastratlona, 
12mo, doth, 1J25. 
Aworkof flu01iaglntereat,aiirdl aaof inrtrnctlon, to aP plawag of i 



THB CMUIBM OIF TMB JTOBTJT BTARf A KanatiTe of the Xzoir- 
sion made by Mr. Yanderbilt's Party in the Steam Taoht, in her Voyage ta 
England, Bosaia, Denmark, France, Spain, Italy, Malta, 1M»y, Madeira, Ac, 
frc By Ber. John Overton Choul£s, D. D. With elegaat XUnatntioiia, fce. 
12mo, doth, gilt bade and ddes, 2 JSO. 

AMXBIOAJT HISTOBIES, BT J08BFH BAWABD. 

F&ur VoUxmes, Price $3.60. 

J^ZTMOUTB: ANJD TJIJB nZGBIXSf or, Inddents and Adventures In 
the History of the first Settlers. With lUttstrations. lOmo, doth, 00 eta. 

JfOVEZTIES OJF TWJES NEW WOJtZl>, An Account of the Adventures 
and Discoveries of the Explorers of North America, t^ith numerous Illustra- 
tions. 16mo, doth, 90 ets. 

JROMANCE OE AMEBIC Alf JII8TOBT; or, An Account of the Early 
Settlement of North Carolina and Virginia ; embracing Incidents connected 
viiih the Spanish Settlements, the French Colonies, and the English Plant»> 
tion, etc. With Illustrations. 16mo, cloth, 90 ct«. 

TBAGIC SCENES IN THB HI8TOBT OB XABTZANI> AND 
TUB OZI> FBENCH WAB, with an account of various intereattaig con- 
temporaneous events which occurred in the esrly settlement of America. With 
numerous elegant Illustiations. 16mo, doth, 90 cts. 

fjlCr The above four volumes are bound in uniform style, and put up in a neat, 
substantial box, price 3.60. 
il9-EM»t volume ia complete in itaelf, and yet together they Ibnn a ngnlar Mriei of Anmiin aa 

Ilistoriea. 

So 



GOULD AND LINCOLN," 

se VASHUiaioii stseet, bos'Sos. 

I ^ToQld coll piuticiilsr mtt-mion to ttie following, vitldi»)><e worki detoribej 
In thtir Culalogue of PublicatioBB, Via. : 
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